UNCLASSIFIED 


AD NUMBER 
CLASSIFICATION CHANGES 


unclassified 


secret 


LIMITATION CHANGES 


TO: 


Approved for public release, distribution 
unlimited 


FROM: 


Notice: Release only to Department of 
DefenseAgencies is authorized. Other 
certifiedreguesters shall obtain release 
approval fromDirector, Defense Atomic 
Support Agency, Wash.25, D. C. Release or 
announcement to foreigngovernments or 
their nationals is not authorized. 


AUTHORITY 


DSWA itr., 27 Aug 1998; Same 


THIS PAGE IS UNCLASSIFIED 


SECRET 
FORMERLY RESTRICTED DATA 


a 355505L 


Regrs bizas 
hy the 


DEFENSE DOCUMENTATION CENTER 


FOR 
SCIENTIFIC AND TECHNICAL INFORMATION 
CAMERON STATION. ALEXANDRIA, VIRGINIA 


en 


FORMERLY RESTRICTED DATA 
SECRET 


NOTICE: When government or other drawings, speci- 
fications or other data are used for any purpose 
other than in cornection with a definitely related 
government procurement operation, the U. S. 
Government thereby incurs no responsibility, nor any 
obligation whatsoever; and the fact that the Govern- 
ment may have formated, furnished, or in any way 
supplied the said drawings, epecifications, or other 
dsta is not to be regarded by implication or other- 
wise as in any manner licensing the holder or any 
other person or ©9291 0ra;1on, or conveying any rights 
or permission to manufacture, use or sel] any 
patented invention that may in any way be related 
thereto, 


NOTICE; 

THIS DO.UMENT CONTAINS INFORMATION 
AFFECTING THE NATIONAL DEFENSE OF 
THE UNITED STATES WITHIN THE MEAN- 
ING OF THE ESPIONAGE LAWS, TITLE 16, 
U.S.C., SECTIONS 793 and 794, THE 
TRANSMISSION OR THE REVELATION OF 
ITS CONTENTS IN ANY MANNER TO AN 
UNAUTHORIZED PERSON IS PROHIBITED 


BY LAW. 


Shee 
Yeis dogumgat cossists a $74 pages 


ge RES oat 2a5 capier, Seriay A 


Raid seeps: HboreEaNe Umeoteey 
eee . 
ety, Saha Pge. FR sae The, Gs 
weahete tila Vr Soighae af eR oe ty 
Fe 7 at ERGO Ee io MT 


Ie 


SECRET 


WT-1631 


ADs et, sp 


.. »OPERATION HARDTACK— PROJB@T 


ly 
DAMAGE to EXISTING EPG STRUCTURES (U) 


Vv 
D fishy ce ee ee 


wrar St eee 


| ier W.d. Flathau, Project Officer 
oF i R.A, Cameron, 


& Ut Army Engineer Waterways 
Experiment Station , 
Vicksburg, Miss: i 


and 


Holines and Narver, Incorporated 
Los Angeles, California 


FORMERLY RESTRICTED DATA 


Handie as Restricted Data tn foreign dis- 
Bemiuation, Section 144b, Atomic Frergy 
Act of 1954. 


This material contains information affect- EXCLUDED FROM AUTOMATIC 

ing the national defense of the United States REGRADING; DOD DIR 5200.10 
within the meaning of the espignage laws, 

Title 18, UEc., Secs. 703 and 794, the DOES NOT APPLY 

transmis: ... or revelation of which in any 

manner to an unauthorized person is pro- 13 : 


hibited by law. 


3 05868 
SECRET 


& GREWORD 


This report presents the final results of one of the projects participating in the military-effects 
programs of Operation Hardtack. Overall information about this and the other military-effects 
projects can be obtained from ITR-1660, the “Summary Report of the Commander, Task Unit 
3." This technical summary includes: (1) tables listing each detonation with its yield, type, 
environment, meteorological conditions, etc.; (2) maps showing shot locations; (3) discussion of 
results by programa; (4) summaries of objectives, procedures, results, etc., for all projects; 
and (5) a listing of project reports for the military-effects programs. 
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ae ABSTRACT 


The purpose of this project was to ate the effects of blast forces, radiation, 
and water waves resulting from nuclear explosions on var rt-type structures and 
previously exposed test structures located on the various islands iwetok Proving Ground _ 
The major effurt of the project, a joint Waterways Experiment Station an and Narver, 
Inc,, effort, was concentrated on the early shots which were expected to yield the most signifi- 
cant information for this project. To cover any supplementary information from the later shots, 
because the project wag to be a minimum effort of funds and personnel, arrangements were 
made with Holmes and Narver, Inc., for the project to receive appropriate additional data from 
the later shots from the damage survey normally conducted by that organization !n the field, 
This report contains the genera! effects data for the sts‘ions investigated from all ihe shots of 
concern to tnls project, 

No electronic recording was utilized: however, self-recording measurements of air over- 
pressure and accelerction were made °f severul Statloas, along with somc messuiements of 
erosion due to water waves. The damage surveyS were performed by visual inspection, photo- 
graphs, and level surveys. a 

The curve used for predicting air overpressure, the most important purameter in determining 
blast damage, proved to be reliable. Observed pressure data obtained during this operation 
correlated well with the prediction curve, which was based on data obtained from previous op- 
erations. 

The curve used for predicting acceleration for floor slabs of structures appears ta give 
reasonable values. Huwever, limited data was obtained, and the over-all reliability of the 
prediction curve is uncertain, 

It was found that the path-of-least-resistance method for predicting radiation within structures 
proved adequate. The slant-thickness method did not give realistic values. 

No structural damage was observed which was attributable to thermal radiation. Steel was 
observed for exposures up to 1,400 cal/em?’; concrete surfaces showed r:inor spalling at 650 
cai/em’, 

Structural damage, due to water waves, may he neglected for close-in structures designed 
to withstand air blast. At greater distances, where air blast is of no great consequence, water 
waves must be considered in structural planning. 

Damage to camps (light, wood-frame type construction) was investigated, The damage data 
compared with and amplified the data contained in TM 23-200 (Reference 8) pertaining to wood- 
frame structures, Damage to antennas and radar reflectora correlated well with data in the ref- 
erenced manual also. The curve of Reference 8 for predicting damage to three-story, blast- 
resistant buildings is also adequate. 

Reinforcing steel in ran‘ of hicst-resiatant structures should be designed to provide more 
uniformity of strength. Positive reincorcement should be continuous extending over supports; 
at least one-half of the negative steel Should be carried beyond the point of inflection a sufficient 
distance to develop the allowable stress in auch bars ur a distance equal to the depth of the mem- 
Ler, whicnever distance is greater. 

A ground-gurface 21,000-galion water tank of %-inch bolted steel plate, 8 feet high and 22 feet 
in diameter, suffered only light damage when exposed to pressures of 6.5 and 7.0 pal. 

Heavily reinforced-concrete, earth-mounded structures (wails and roofs 5 to 6 feet thick with 
spans up to 6 feet) survived air overpressures up to 1,000 pai. 

Objects located close behind earth mounds within a distance approximately equal to the height 


5 
SECRET 


of the mound received considerable protection from dynamic pressures at overpressures cf 35 
pel and lower. 

Exposed 3tandard 2-inch and 4-inch water pipes, including standard rising-stem valves, sur- 
vived pressures up to 8 psi without any sign of damage. 

The method used for predicting pressures at a zero angle of incidence on the front and rear 
faces of diffraction-type targets is satisfactory for both design and analysis purposes. At ang'cs 
of incidence greater than zero however, the method is satisfactury for design purposes only, The 
predicted shape of overpressure-time curves for the roof of diffraction-type targets was not in 
close agreement with measured results, 
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PREFACE 


This project was a jcint, coordinated effort between the U.S, Army Engineer Watei ways Experi- 
ment Station (WES), Vicksburg, Mississippi, and Holmes and Narver, Inc. (H&N), Engineers 
and Constructors, Los Angeles, Vatuornia. This joint venture was made possible by the efforts 
of personnel from both the Armed Forces Special Weapons Project (AFSWP), and the Atomic 
Energy Commission (AEC). For WES, the project was under the general direction of E.P. Fort- 
son, Jr., F.R. Brown, and G.L, Arbuthnot, Jr., with W.J. Flathau designated as the project 
Officer. For H&N, the project was under the general direction of R.R. Alvy and S.B. Smith, 
with R.A. Cameron designated as the assistant project officer. Special recognition is given to 
Cupt. E.S. Townsley, of WES, who j.repared the appendix on radiation. Also contributing to this 
project were Sp2 R. P. Andrew, Pic. C.W. Denzel, and Pic. D.G, Brown, of WES. The co- 
operation received from personnel of the Los Alamos Scientific Laboratory (LASL), the University 
of California Radiation Laboratory (UCRL), the Stanford Research Institute (SRI), and the Ballis- 
tic Research Laborato:ies (BRL) greatly assisted this project in meeting iia objective. 
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Post-Walnut, (Item 19) Station 1525, retalning wall failure -------------- 76 
Pian and elevations for (Item 2U) Station 1911, Site Irene- - -------------- val 
Preshot, (Item 20) Station 1311, face-on view of retainiag wall, 

Site Irene ---~--- ~~ see er ee ee mee ee ne ee eee eee eee 7 
Post~Koa, (Item 20) Station 1311, face-on view of retaining wall----------- 78 
Post-Walnut, (Item 20) Station 1311, face-on view of retaining 

wall - ------ eee ene ee ee ee ee eee eee ee ee ees 72 
Preshot, (Item 20) Station 1311, entrance, Site Irene ------------------ 79 
Post-Koa, (Item 20) Station 1311, entrance - -------+---------------- 80 
Post-Koa, (item 20) Station 1311, 24~inch steel pipes pushed 

inward 24 inches - - - - ---------- +--+ ----- 22 - eo ee eee nee eee 80 
Post-Koa, (Item 20) ‘tation 1311, crack pattern in floor ---------------- 81 
Preshot, (Item 21) Stations 1211 and 1410, view of side wall 

facing surface zero, Site Irene - - --------------+--+--+---------+- 81 
Post-Walnut, (Item 21) Stations 1211 and 1410, view of exposed 

pide wall- -.-~-----------+-------------+--+----22-------- 82 
Preshot, pipeline to ground zero, Site Irene ----+---~-----------+---- 82 
Post-Koa, pipeline to ground zero - - -------------+~--22---2---- eee 82 
Plan including film bade locations for (Item 22) Station 3.4, 

Site Lrene ------ ee  e ee e  ee  eeee e eeeeee ee nee 84 
Preshot, (Item 22) Station 3.4, side view, Site Irene- --~---------------- 85 


Post-Walnut, (Item 22) Statlon 3.4, side view showing scouring 
action of water wave; dark area represents original earth 


cover contact area - +--+ --------------205 Wee were en ete 85 
Preshot, (item 25) generators, 5.ic Irenc----- -5 0. --- eee: ses 65 
Post~Koa. (item 33) generators---------------------- Peee me Sees = 3a 
Post-Kou, (Item 23) close-up of damaged generator -----------~------- 87 
Post-Kos, (Item 24) helicopter pad - ---------+---~----------+----- 8B 
Shot geometry with pressure contours for Site Janet------------------- 68 
Plan Including locations for air-overpressure gages and 

accelerometers for (Item 25) Station 1312, Site Janet---------------- 90 
Post-Walnut, (Item 25) Station 1312, erosion adjacent to 

foundation - - - = --- es ee eee eee wn nee nee eee eee ne eee 91 
Ove. -all perspective for (Item 26) Station 3.1,1, Site Janet -------------- 1 
vreshot, (Item 26) Station v.1.1, Site Janet------------------------- 92 

13 


SECRET 


4.61 


4.62 


Preshot, {Item 26) Station 3.1.1, Column 13C, concrete 

frame building, Site Janet -------+---+-----++--+---------+----- 92 
P--eshot, (Item 26) Station 3.1.1, crack in ceiling adjacent to 

Column Line 10 of the shear wall building looking away 

trom surface zero, Site Janet - ------- 2-2 ee pe eee ee nen eee ences 93 
Preshot, (Item 26) Station 3.1.1, crack in ceiling adjacent to 

north wall of the shear-wal!l building looking away from 


from surface zero, Site Janet----- - +--+ ee -- ee ee ee ee ee ee ee 93 
Post-Yellawwood, (Item 26) Station 3.1.1 ------------++-+----+------- 93 
Post-Walnut, (Item 26) Station 3.1.1----------+-+------ ee een eee ne ne- 95 
Post-Walnut, {Item 2@) Station 3.1.1, aerizl view--------------------- 95 
Post-Walnut, {Item 2€) Station 3.1.1, close-up of Building 5, 

a reinforced-concrete frame structure -----------------58------- O€ 
Post-Walnut, (Item 26) Station 3.1.1, front column of Building 5----------- 96 
Post-Walnut, (Item 26) Station 3.1.1, second row of columns of 

Building 5~--=----- 0 - ee en ne nee en ne ene ne ee eee 97 
Post-Walnut, (Item 26) Station 3.1.1, third row of columns of 

Building §-----------+- ---- 222 ee ee ee eee ee e  e ee 97 
Post-Walnut, (Item 26) Station 3.1,t, Column 18C, secone 

floor of Building 5 ------------ ---++-4--------- 22+ --- eee 98 
Post-Walnut, (Item 26) Station 3.1, 1, Column 8A, third 

floor of Building 3 ~-- ------------- 5+ -- 4 eee ee ee ee ee ee 98 
Post-Walnut, (Item 26) Station 5.1.4, Column 7B, third 

floor of Building 3 ----~----------------+----+---+---------- 99 
Post-Walnut, (Item 26) Station 3.1.1, Column 5C, first 

floor of Building 2 -~----------- 2 ene ne nee eee eee ee ee ene 99 
Post-Walnut, (Item 26) Station 3.1.1, roof slab damage, 

Building 6. ----------------- nee eee ee eee ee ee eee meen 100 


Post-Walnut, (Item 26) Station 3.1, 1, crack in ceiling adjacent 

to Column Line 10 of the shear-wall building looking away 

from surface zero -----«--+- wt ee eer ee een nee ee 100 
Post-Walnut, (Item 26) Station 3.i,1, crack in ceiling adjacent 

to north wall of shear-wall building looking away from 


Surface zero - ---- eee ee en ee ns me en rt ne 102 
Post-Elder, (Item 26) Station 3.1.1, front view -----+-----------5------ 102 
Post-Elder, (Item 26) Station 3.1.1, rear view ---------------++----- 103 
Post-Elder, (Item 26) Station 3.1.1, close-up of Building 5, 

first floor collapsed - ------------ ee ee eee ee re ere 103 
Post-Elder, (Item 26) Station 3.1,1, close-up of Buildings 1, 

2, and 3 =~ 2-2 nnn ee eee nn en re nn nr nn eee 104 
Post-Elder, (Item 26) Station 3.1.1, Columns 7 and 8B, first 

floor of Building 3 -~--------- 7-2 - eee cee ner eee er eee eee 104 
Post-Elder, (Item 26) Station 3.1.1, Crlumns 7 and 8B, 

second floor of Building 3 ----~---------+----- wee eee eee ee-. --103 
Post-Elder, (Item 26) Station 3.1.1, Columns 7 and 8B, 

third floor of Building 3---.----------+- ---+------ 6 --- eee 105 
Post-Elder, (Item 28) Station 2.1.1. Column 8D and crack 

in rear wall, first floor of Building 3-----------+-+-~----+-------- 106 


Post-Elder, (Item 26) Station 3.1.1, destroyed roof section 
of Buiiding 6 and damaged area to roof at south end of 


Building 4--------------- ee eee ee ne eee ee ene ee eee 106 
Post-Elder, (Item 26) Station 3.1.1, suteide view of punched-in 
roof sectic at north end of Building 4 - ---------+-+---r eee renee 106 
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4.92 
4.93 
4.94 


4.95 
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Post-Elder, (item 26) Station 3.1.1, inside view of punched-in 


roof section, north end of Building 4 ----------------+-+---+-++-- 107 
Post-Elder, (Item 26) Station 3.1.1, close-up of punched-in 

roof section, north end of Building 4 --------------+---~---------* 107 
Post-Dogwood, -Olive, and -Pine, (Item 26) Station 3.1.1, 

aerial view ------------------ serene nee ee ee ee ee eee, - ~ 108 


Post-Dogwood, -Olive, and -Pine, (Item 26) Station 3.1.1, 

underside of third floor along Column Line 11, and the 

front wall facing surface zero~ -- ~~--------+-------- +e eee e ees 108 
Post-Dogwood, -Olive, and ~Pine, (item 26) Station 3.1.1, 

crack in third floor at intersection of front wall between 


Column Line 1i and south shear wall ------------ ee eee eee eee 109 
Post-Walnut, (Item 27) Station 3.1.8, encrance filled with mud ------------ 109 
Structural details and elevation views of (Item 28) Stations 20A, 

B, C, DB, E, and F, Site Janet ~----~--------------- 2 een eee eee 110 
Preshot, (Item 28) Station 20B, view of gage pier ae 

Surface zero, Site Janet -------~-------2---- 22 - ee -- eee eee 111 
Post-Walaut, (Item 2%) Station 20B, view of ‘sppied: gage pler ------------ 111 
Postshot, (Item 29) Station 77.02, recording station ------------------- 112 
Preshot, (Item 30) landing pies, Site vanet ----~-~-- -~- eee een ene nese ee 143 
Post-Walnut, (Item 30) landing pier - - ~------------------------ 0-5 112 
Post-~Elder, (Item 30) Innding pier- ---~----~---+---- ++ ---- ee ee eee 113 
Postahot, Janet Camp - ------------ wee eee ee ene nee ee 114 
Shot geometry with pressure contours and test stations 

for Site Yvonne -------------~---- +e nee ee eee eee ee eee nee 115 
Pian and elevation for (Item 31) Station 1130, reinforced- 

concrete bunker, Site Yvonne - ----~+----~--------- een ee eee eee 116 
Preshot, (Item 31) Station 1130, entrance, Site Yvonne ~---------------- 117 
Postshot, (Item 31) Station 1180, entrance --~--------------------++- 117 
Preshot, (Item 31) “tation 1130, side-tunnel entrance, 

Site Yvonne ---+----+--------- wee eee ee we ee eee eee 118 
Post-Cactus, (Item 31) Station 1130, side-tunnel entrance - ~-----------~--- 118 
Post-Cactus, (item 31) Station 1130, crack at intersection 

of tunnel and main structure- ----~----------~-- ese one ee nee nee 120 
Preshot, (Item 32) Station 1220.01, cubicle, Site Yvonne ---~------------- 120 
Preshot, (Item 33) Station 1216, Site Yvonne-----------+-------+------ 121 
Post-Cactus, (Items 32 and 33) Stations 1220.01 and 1216 -~------------- 121 
Plan and elevation for (Item 34) Station 1612, Site Yvonne -----+---------- 122 
Preshot, (Item 34) Station 1612, retaining wall, Site Yvonne ------------- 123 
Post-Cactus, (Item 34) Station 1612, retaining wall and 

ontrance to station -------- eee ee enn ee ew ee een ne een ene 123 
Post-Cactus, (Item 34) Station 1612, interior view - -----+--~---++------ 124 
Preahot, (Ilein 35) Siations 1342.01 te 1923.04, Site Yvonne - --+---------- 124 
Post-Cactus, (Item 35) Stations 1523.01 to 1523.04, foundation 

pit for towers - ----- 3 ees ee e een re ee en tee eee 125 
Post-Cactus, (item 35) Stations 1525.01 to 1523.04, 48-anch 

metal corrugated pipe leading to ground zero --------------------- 125 
Preshot, (Item 38} Station 1310, concrete, earth-covered 

station, Site Yvonne ~- --~------------ 5-2 - -- eee ete ene en ene 126 
Post-Rose, (Item 36) Station 1310, concrete, earth-covered 

Station - - + ----- ee eee enn ee eee eee en ne ee ene eee 126 
Pust=-Butterrut, (Item 37) 21,000-gallon water tank ------------~-------- 127 
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Chapter | 
INTRODUCTION 


1.1 OBJECTIVE 


The objective of this project was to record and evaluate damage from blast, radiation, and 
water waves to selected pre-existent and ne structures at the Eniwetok Proving Ground by 
examination and measurement before and after certain test detonations. The damage properly 
axsuciated with shot geometries can provide valuable information to designers and planners of 
structures to resist the effects of nuclear weapons. 


1.2 BACKGROUND 


Many structures have been b-::.. ..: , i ior tests at the Eniwetok Proving Ground for the purpose 
of housing scientific instruments in extreme environments. Damage to these structures was 
reported, but their expusure to nuclear effects was only incidental to their function, and the op- 
portunity to gain useful information from their behavior was not exploited. In addition, consid- 
erable effort and funds have been invested in prior operations for structural tests, per se. Some 
of these structures still exist in an undamaged or partially damaged condition. Since a number 
of these structures were supposed to be subjected to severe loading conditions during Operation 
Hardtack, an opportunity was afforded to obtain valuable information on structural response and 
damage with minimum additional effort. Therefore, this project was planned to exploit the op- 
portunity to gain general information that would amplify and supplement existing design criteria 
and concepts. 

The selection of pre-existent stations that were investigated was bused upon au vu-osrie sure 
vey of structures made in November 1957. Certain n2w test structures were also included where 
it was predicted that they would be subject to high pressure and temperature or destructive water- 
wave action. 


1.2.1 Previous Damage Surveys. Damage surveys were performed for Operation Ivy (Ref- 
erence 1), conducted in 1952, and for Shot 1 of Operation Castle (Reference 2), conducted in 
1954. These surveys described damage from a total of three shots; for this reason, no overall 
discussion of damage-distance relationships as a function of shot yield was made in either report. 
In addition to the published reports (References 1 and 2), Holmes and Narver, Inc. (H&N) made 
damage observations and took numerous pactographs of scientifte stations during «¢peratinn Castle 
(1954) and Operation Redwing (1956). The postshot damage reports prepared by H&N were given 
only liraited distribution within the /EC. Since no complete damage surveys are available for 
Operations Castle and Redwing. th. H&N reports were reviewed, and % summary of the 1aisrel- 
laneous damage observations arc tabulated in this report for the first time for a more general 
distribution. 

Shot geometries with pressure contours for Operation Castle are shown in Figures 1.1 and 
1,2 for Bikini and Eniwetok, respectively. Table 1.1 summarizes the blast damage observations 
for Shots 2, 5. 4, 5, and 6. Damage due to Shot 1 is thoroughly presented in Reference 2; how- 
ever, pertino-’ results are presented in Chapter 3 of this report. 
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Figure 1.1 Shot geometry with pressure contours for Bikini Atoll, Operation Castle (1954), 
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Figure 1.2 Shot geometry with pressure contours for 
Eniwetok Atoll, Operation Castle (1964). 
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Shot geometries with pressure contours for Operation Redwing are shown in Figures 1.3 ind 
1,4, and the summary of blast damage observations is shown in Tables 1.2 and 1.3. 

The summary of blast damage observations for Operation Hardtack is shown in Table 1.4. 

Saltent conclusions reported during previous surveys (References 1 and 2} are given below. 


1.2.2 Conclusions from Ivy Damage Survey (1952). (1) Exposed steel beams and pipes attached 
to structures were damaged or destroyed by overpressures of 11 psi and greater, (2) Small Build- 


TABLE 1.1 OBSERVATIONS OF GROSS DAMAGE: OPFRATION CASTLE‘, BIKINI AND ENIWETOK ATOLLS 


Number Name Range _ 
a ‘pal 


Concrete Structure: 


Station 1341; reinforced concrate, Able 2 Romeo Savare damage; the third story 7,800 8 
3 story instrument shelter, above was blown complisiely off. 
ground. Damaged and left in a 
weakened condition by Shot Brave 


(Reference 2). 

Wood Frenmed Structure: 

Station lt =. .ndowlesa, 16 feet to George 1 Bravo Moderate damagu; plywood 86,400 2.4 
eaves; 314 inch x 344 inch » "4 pandis Lowed fn 1 to 2 feet: 
Inch steel angle etude at 48 inches one pane) ripped off. 


o.c.; %-ineh exterior plywood. 


Steal Framed Structure: 


Station 2210; steel framed with cor- Quer 3 Koon Moderate damage; frame un- 6,600 8.3 
rugated aluminum roofing and damaged; roofing blown off; 
siding; exposed end-on to blast. some sidiag blown off. 

Storage Tanks: 

POL facility; four 1,000-barrsl Sugar 2 Koon Severe damags; blast wave blew 4,006 us 
fuel storage tanks the top off one tank; all tanke 


damaged and leaked fuel: epilled 
fuel burned, severely damaging 
all tanks. 


Towera: 


Timber water tower; 30 feet high; Fox 1 Bravo Undamaged 81,000 2. 
Bix 13-fich * 12-inch columns; 
quyed at the 30 foot level; 2 full 
4,200 gallon water tanks in place. 
Station 80.01; antenna array of five Nan 8 Yankees Completely leveled 78,000 13 
78-foot trylon towers; guyed at $ 
Javels; 3 guys at each guy level. 
Station 1363.04; TSfoct, square, Janet & Nectar 4doderate damage; tower undam- 19,46 4.8 
ated] Photo tower. aged; cab frame was twisted an) 
menibers bent; cab siding aad 
rollup doors damaged beyond 
practical repair. 


Field Generators and Fuei Tanks: 
Bullding DO-500, five 75-KW gen- Dog 1 Bravo Undamaged 40,800 42 


orators, 3 pontoon fuel tanks »“o- 
tected by high surrounding berm. 


Staticn 110.03; exposed gex-rators. Dog 1 Brave Damaged; extent unreported. 42,809 at 

Utilition: 

Station 2221.02; expoasd vacuum Sugar 3 Koon Moderate damage 6,500 Rg 
yum. ——— 


* Covers obae: vations made subsequent to the Shot 1 damage survey reported in Reference 2 


ings covered with thin sheet metal over diagonal wood sheathing generally withstood overpressures 
up to 5 and § psi, However, one structure of this type was badly damaged by an overpressure of 
4.5 psi, {3) Lightly constructed wood-frame shacks sheathed with corrugated metal and located 

in regin:.; with overpresgures greater than 4 psi were compleiely destroyed, No structures of 
this type were located in regions subjected to less than 4-psi overpresuure. (4) Palm trees were 
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Figure 1,3 Shot geometry with pressure contours for Bikini Atoll, Operation Redwing (1956). 
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Figure 1.4 Shot geometry with pressure contours 
for Eniwetok Atoll, Operation Redwing (1956). 
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TABLE 1.2 OBSERVATIONS OF GROSS DAMAOS: OPERATION REUWING, BIKINI ATOLL 


Conetruction Campe: (aman 
tents of typica! construction over 
Concrete elaba; light wood frame 
structures framed with 3 inch x 
4 tach studs and trussed ranere 2 
feet on centers, 4 inch exterior 
plynoud siding, and corrugated 
Qlumnun roofing.) 


Tanto, and light wood frame Fox 
sruotures. 


Tents, light wood frame structures, Nas 
obop buildings, and kaagera. 


Btorsge Tanke; 


Building 37; £1,000 gelion ground etor- Fax 
age tank; 22 foot ameter; 6 feet high 
% nob ates plate. 


Towere; 
Ration 1516: 7$-foot, aquare, steel, ‘William 
photo tower. 

Antennas: 

8 sion $22.02 TV antenna, Man-Made (eland 
No, 2 

Station 312.03: TV antenna. Man-Made feland 
No. 3 

ation 74 Radio antenns. Oboes 


Field Generators asd Fuel Tanke: 


Station 151% 3 generators, side-on Abla 
te blast. 


@ation 191.01: Generator; Nel tanke Able 
on wood rack. 


Station 131%: 3 generators, end-on Charlie 
to blast 
Station 312.02 Generator. Mon-Made island 
No. 8 
Bration 315.03; Generator, a. 46 Mwachdade icin 1 
decrees to blast. Ne} 


Caatla Station 110: 2 geeerators behind § Uncle 
» retaining wall. 

Btation 74; Gtoerate:, fuel tank. 

Station #210; Generator behind -vtaia- 
ing wal); cylindrical Yel tank. 


Oboe 
iuger 


Utilities and Vertilatton Equipment: 


Station 131%: Frterior debu:. idifier Charlie 
aad compn vor ur't. 


Cherokees Complete destruction exvept for 
concrete Noor slabe aad come 
telephone poles, exposed wood 
exrtacea were charred thre 
wae evidence of severa) firea 
which apparently were extinguiah- 
od by the ow’ . ~2t air blast. 


Light damags was sustained, win- 
dow scrvess brokes; shutters 
brokea; bulging walle; root shaet- 
ing damaged ef joints; a few ref- 
tere partially fractured; 2 Inch * 

10 Inch etude in baagar building 
partially fractured and wall knocked 
taward 4 feet; carpenter shup 
ehifed 5 inches. 


Zual 79,000 


Cherokee Appareatly uadamaged; tank was 
full at ebot time. 

Top of tank slightly dished in; no 
other appareal damage; water 
level im tank unknown, 

Destroyed: tee tank, probably empty, 
was blown 400 fest. 


33,000 


Frathaad 12,200 


Dakota 12,200 


Zui Tower undamaged the cab shuttere 


were moderately damaged. 


32,060 


Cherolse Broken off at tht base. 20,780 


Cherotew Broken off at the base. 23,580 


Zunl Bent over; top broken off. 14,0390 


Cheroms Geadrator mvarer the blast was blown 
off ite base aad left leoning on the 
other; light charring of wood aad 
paint, 

Gonarater housing drives againat gun- 
erator end bent; feel tanks knocked 
down; woodes rack slightly charred. 

Generator nearer the blast moved a.e 
foot; side panels driven aguins! the 
@emerator and best or broken of; 
paint obarred ow exposed suriaces. 

Undamaged; generator end-on to blast; 
cand bage at base ct gemarator charred. 

Genoralos leuving slightly beul, yom... 
tar af 45 degrne to blast with one side 
protected by sand bags. 

Zuni Ome generator blo-m on its olde; tha 

other upeidr. down. 

ae Undamaged. 

Zual Generator sadly damaged by the cal- 

lapes of ax wijoining cowcrate dis Id- 
Ing wall; fuel tank was diabed in. 


038 


Cherokee 31,190 


Cherokee 19,060 


Cherckee 30,780 


Cherokee 


od ,553 


10,270 


14,830 
5.1 


Cherokees Osbumidifier tArown againat the com- 


pressor, the alr intake fan wee binst- 
dt against the intabe. 


19,644 
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33 


0.6 


1 


3.7 


3.8 


7.0 


21.0 


121.0 
oe 


TABLE 1.39 OBSERVATIONS OF GROM DAMAGE: OPERATION AEDWING, ENIWETOX ATOLL 


Concrete Ficuriutes: 


Mation 1311.04; mesr've, semiburind Yvoeme LaCresm Usdamaged; earth cover almost completsiy 520 1,100 
walls, reef and Seer 6 met thick blown away. 
heavily reinforesd, earth rover t 
foot dvap. 
ation 1210 above gremed; 8 = 5 feet Yrome = Erie (rvcturally undamaged; blest door severe- = 1420 Cy 
blast deer enpemnd inmn-en te blast ly damaged, door locking hadies obec ared 
wave; deer consisted of Y inch cover- off; door Nar wee bent or that it war 
plate, @» % tnah herisental stifienera Imposaihie to span the door, 
Ot 13 tmshes @.c. with Ox % ined 
fanget on the stifemers. 
Sentien 7204, Above gremnd cubical, 11 (rene Semincle Completely deatroved; only the base slab 1,ea0 18 
wy 11 feat by © foot high walle and cemalmed, 


real 1 fest 6 inchee thie, @.4 perecat 
Telafereensent obth way, cack face, 
ta walin and reef. 


‘enettuction Camps: (t-man tonte 
of ypieal construction ever cencrets 
slaba; light weed frame etrecures fram- 
ed with 2x 4 invh etude and truseed raf- 
ere 2 feet on comer;  inoh exterior ply- 
weed Siding, aad corrugaind sluminum 


reefiaga). 
Tents, Yvonne LaCreess = vu00 frames failed toute collapsed. 2,200 2.3 
Light weed frame structures. Yvonne LaCreese Sevére damage; aides cf buildingn caved 8,200 2.3 
ta; reofe blews off lever walled 
beller house was undamaged. 

‘Temte and light weed frame structures. Yvoase = sist Complete destruction; the site was le-sl- 3,300 1s 

od Weaving only the fleer aiahe. 

Light woed frame @trectures. Ureula Kickapoo Light damags; several plywood pansies $600 0.78 

were tarved aff the rrar wall of sheda; 
aluminum reed pene! biown off one real. 

Tenia and light weed frame structures. Urevla = Mokawk Complete destruction; enly alectrical 4,000 7.0 

power poles and centrete leer slabe 
wore reusable. 

Tents and light wood frame structures. Geen femincln «= Complete destruction ancapt for concte $,909 4. 

foer alahe. 

Weed Framed Strueture: 

Mation 1496; occentially wiadewless; % Yvonne «LaCrosse = Moderate damage; end wall, faving blaat £000 ae 
% @ tweh studs 3 feet e.o. und 2x 6 inch wns pushed inward, side walls were 
ramers 2 feet o. «.;% inch exterior ply- pushed taward; several panels caved Is 
weed siding. compivtely. 

Matian 1806; rebabilitated te a0-taih Yvonne = Erie Complevsly destrayed, walls were caved 3,100 1s 
cenditien after LaCreses shat. ta; reed fell tw. 

Storage Tanker 

Dadiding 0, 21,¢0¢ gallon ground storage «Yvonne LaCrn.-s No damage. 6,126 a4 
tank; 28 feet diameter, § foot high, 
lech otee] plate; fall at shot time. 

Light Baffles: (Weed frame billmcarde 
with 4 inch plywond shilling: lacing blast, 
hank stays at 45 Gagrve mypert brace top 
of board bettem ¢f heard te eugperted by 
« horisental tis to the back staya). 

Sration 1904, 6 foot high by 44 test wide; Yvonne = LaCrnese = Destruyed 7,090 a 
dour 4» 10 inch poets; four 4 = 3 inch 
back stays. 

Miation 1009; 2 billboards, each @ foot Yroase LaCrosse = No apparent damage 7a as 
high by 13 feet wide; twe 4x 8 Inch Erie Domreyed 1,8t0 le 
poeta; tro i « 5 (ech beok otaye. 

Sration 160%; 6 ipot high bey 28 teat wide; Yvonne «LaCrosse = No apparent damage 7,808 a4 
iver 4% 8 inch poste: four 4+ @ inch Erie Destroyed 2109 Ms 
beck stayn 

Station 1501; 2 billkoarde, cach & feet Yvomne LaCrosse No apparent damage 6,048 ae 
square; twe 4 6 inch pests; two 4 = Erie Dastrayed aM ss 
# inch backatays. 
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TABLE 3.3 CONTINUED 


Tewsere: 


ation 1, 300 ingl chet tower, 2¢ fect 
oquare 6 ines stro) bax legs; guywd 
‘Ot 109 and 209 foot levels. 


Duiltiag 02; timior woter tower, 34 fest 
Daghy ote 14 19 100k selumens and dew- 
ble 2 > 6 lack bracing. 

Building 101, Umber water tower, 30 
feet high: oighe 32 = 13 inch columes 
end double 2 x 6 inh tracing. 


Weed Pile Piera: 
‘Yvenne peresans) pier 


Gene pereennel pier 


Rader Refiectora: 
Mation 1411.82 


Yves 


Yvense 


Urewla 


mly 


Field Genersters end Fuel Tanke: 


Central Yveans area; 2 guneretars 

Mation 1611; two THEW genereters 

Mation 1611; twe 78-KW gonereters; 
& Navy pontoon fan! tanks 

Matis 2411; two 73-KW generatera; 
2 Navy peateen feel tanks. 


Vacuum Pipelines: 


ation 1611; 161%, 16 tnah OD atecl 
vor pipe lint roller supported 
9 fest ¢.c.; ertented agprenimately 
redial ve the blnet. 

‘Station 1911; 181% pipes tangeutial 
blast. 


Yvenes 


Utilities and Ventilation Equipment: 


Building Th; Powerhouse 
Balion 2211; Powerhouse 
Building 104; Poworksuse 
Sulldiag Th Powerhouse 


Miacellaax ua; water closets, urisals, 
washhew|s, un@ergrouad utilities 


Altport Ruaway: 
Asphalt paved runway 


—_—- 


Yeoune 


ae er ee 9 


Erte 


LaCreese 


Abobo ek 


Lacreses 


Erie 


Mederate damage; tower aseumed a curved 
obage; middle portion bent outward, hew- 


ever, oob romainad in ita original pesitica, 


Grevily ever tower base, elevation guide 
raile and eutrigger were baat and twisted. 
Ne tgparsat damage, water tanke were re- 
teoved priar te the abet. 


‘Overturned; selumas breten aad trectured, 
walnr tanks wore removed print te shat. 


Undemoged 


Destreyed many piles broken of or neer 
the water tins. 


Vedemaged 
Completely deatreyed. 


Undamaged 
Kaoobed off its bese. 


Overtarasd reused after major overheal 
Overturned 
Cvermrned, pontoon tank walle dished in. 


Overtarard, recevered and salvaged, 
panteen Leake oschmeged. 


Completely destreyed at tose tha 1,306 
feet, undamaged beyond 1,906 feet. 


Undumaged bayend 1,106 feet. 


Alt totale duet Beret when butterfly 
valve failed us elem. 

Plenum chamber exploded when tutterfly 
valve tailed te slese. 

Pleaum chamber burst. 

Outaide tusl lines broken off loading into 
fos) minrage tanks; fue, lines beading 
inte powerhouse brakea at entry. 

Plumbing fixtures undamaged, undergresd 
wilities undioturbed except tha cxpaaed 
frturee moved by the blast severed 
Pipi comsactions to ‘be mein lines (Gump 
area) 


Moederais damage; saphait braky into 
small peces; axpnaed wond lugging 


ia Wulkboad bureed away. 
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3,100 


6,198 

55 
5,600 
2,900 


0,900 


1.6 


TABLE 1.4 DAMAQE SUMMARY, OPERATION HARDTACK 


ae Talon 


Deecripiton oeure Maziatum Damage hue Special Remarks 

Reinferced-Conere*e Structures: 

Mation 1341, Coote. Phote nmher. a“ Mnvere damage 1 
‘Three weries high. Demeged from 
Geeta Brave aml Reames of Operation 
Caatic. Ne damage from Cpe: ation 

Matien 346.01, Redwing. Cenorews shal- 1,s00 Somplately daotroyred. 2 Interior radiation meseuremeat. 
wor. Me damegs from Operatica ‘Wave action. 

Ru@e ag. 

‘@intion 1810, Redwing. Retindorend- 1,700 Coenpletely doctroyed. 4 Wave action. 
concrete pete bunker. 

Bottien 78.0). Concrete timing station. i) No damage. 6 latorior radiation measeurerr.cnt. 
Ne damages trem Oporation Redwing. Wave actica. 

Motion 1206, Castle. Concrete meppert 33 Light damage. ¢ 
mrevmre. Damaged from fit Breve; 
po Sti iter) damage fram Bet Rewes 
of Operations Castle. Ne dsmage from 
Operstion Pedwing. 

Seatien 1210. Coaxial connector pit. Cd No damage. 3 
Underground reiaterced-eunc rete 
atructre. 

Station 8870. Conanetar pit, ceucrete 1,400 Ne damage. i 
ben, earth nounded. 

dation 2220.61, Cumervte bunhor. 1,050 Ne damage. ub 

Seatien 2220.08. Concrete bunker. 1,00 No damage. ty 

Station 96.61. Buried concrete structure. oes Ne damage. wy 
tnotrementetion pit for rudistion effects. 

Matien Complex. A cencrote shelter, a Retaining well failed. te Intector radiation nwaeurement. 
eddition te 1011 Redwing (reedinnticn Wave action, 
of Masons 1634, 1696, and 1311). He 
damage te interier of etttiva trem Shots 
Semincls, Apechs, or Muren of Cpmre- 
tien Redwing. 

Matiea 1535. A raindereed-ceucrete aa Severe damage to retaining as Teermal radiation, Wave 
Yoeer station. wall. action. 

Beatin 1211. A consrete detector a Light damage. 2 Thermal radiation. 
station wounded with earth. 

Station 1416 and 1211. A reiaferced- a No da:aage. 21 
concrete atructure and termious of 
pApelios. 

mation 34. A reinforced-concrete a No damages. a3 laterior raciation meseu cement. 
signe! terminal pit. Wave acticn. 

Sestien 1312. A relalerced-coacrete u No damage. pty Blast diffraction etedy (Appendix 
Tecording otmiicn. B). Thermal redistion, Wave 

eotlun, 

Mstien 3.1.1. Thres-etery, mulli- ri From light damage to 20 These structures were subjected 
Compertneat toot structure: concrete ccllapes, depending on to repeated loadinga in the 16 
frame, eewel frame, and concrete ehear type of structure. pal te f . pel (ove-wrensure} 
well ceastrwction. range. 

Station 20-B. Reinferced-concrete gage ts Severe damage, failure at a Mructural rewponse stuly 
pier. bane of stem. {Appendix C). 

Mation 77.0%. A reiniorced-concrete, wv Mo damage. bid 
earth-maunded timing station. 

Mation 1190. A reinferced-cencrete 1h Ligtt damage to tuanel only. a1 Thermal radietion, 680 cal/cm’. 
wanker with s cide tusme!. 

Mation 1216. A reinferced-cencrets a No damage. ss 
terminal for & pipeline. 

dtstion 1618. A reinforced--~ert?c, zene & oo horace tn rethining «4 
oarth-meunded Trite< Helos. ‘wall. Light damage 2 

eiruoture. 

Matlon 1910. A large, massive, i¢ No damage. “ 
reiaferced-concruve, earth= 
neuaded survowre. 

, el Biructures: 

Stations 142.01 and 183.01, Redwing. 1,200 Completely destroyed. 3 
Stee) beama aad presaure-gage mounts. 

Stations 14.01 through $4.05. Waler- 3 46.01, 80.62 duatreyed, 6.05 w Maximum tote! thermal 
wave pages. damaged. radiation 2,000 cal/em’, 

Station 3.1.1. Three-stery, muitl- 2 From light damage to col- 26 Vhese at woturee were eubject 


compartment tect etructare: cx avrete 
frame, eteal (rama, and e2* 17 te 
shear wall construction 


lapes, dipending on type 
of atrvotire. 
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t Pepsated jeadings is ths 
10-pai amc 20-pei overpres- 
WUre Tange. 


TABLE L4G CONTINGE ED 


Eee Ol MARIE, Oe eo a ee IS ee uke ww 
. Tea NEOR ceca Maximum Leneee aeuie Seateal Memarka 

Station 1220 1-. 0 Cubicle mounted on @ boo Severe damage. a 
Birwctural-etee: pleiiocm, 

Mations (893.0110 004 Four ateel- 460 Complete destruction. a 
Pips lowers encased by plywood 
cowering. 

Wood Frame Structures: 

Station 2410.01. Wonden ehelter earth- Jus Completely deatruyed. ? 
mounded. 

Station 2410.03. Woodun shelter earth- 148 Conpletely deatroyed. e 
mowrded. 

Station 2410.03. Wooden shelter earth- 18 Completely daairoyed. i) 
mratanded. 

ation 1815. Piywead ceastruction 2) Plywoad reem destroyed. in) 
hareeen Pations 1830 und 1050 

Conatrection camp. 0.8 No damage from any of the Nan 

abeta, 

Construction came. i Savere damage. Obes 

Construction Camp. 3.3 Complete devtruction. Janel 

Construction cainp. a4 Completes desiruction. Yvomne 

Miecellaneoue Structures: 

S.ation 2200. 130 § tower on tow al Me No damade iz 
concrete photo tunxer. 

Usnarators, Four, 73-kva, dienei- oe Savers damage. ar 
driven unite. 

Heliceptar pad. Stee) landing mata. “ Complete destruction. a 

Station 3.1.3. Undergrowsd toot KE) No damage, cas 
strucmre. 

Landing pier. 19 Light damage. 310 Wave action. 

Water taah. A 21,600-qallen tank of Y Light damage. uv 


44-iweh ofee! plate, @ feet high, aad 
10 towt 16 inches in rudtua. 


destroyed by air-blast ov :rpressureag of 4 to 5 psi and greater; none were deatruyed by over- 
pressures less than 4 psi. 


1.2.3 Conclusions from Castle Damage Survey (1954). (1) The blast wave of a 13.0-Mt aur- 
face burst caused considerable damaye to light wood-frame structures out +3 a radius of about 
16 miles from ground zero. (2) Trussing and knee bracing was effective in decreasing sac aceus- 
ity of damage to light wood-frame buildings at great distances. (3) Heavily reinforced-concrete, 
above-ground, shelter-type structures subjected dtrectly to the blast wave received significant 
damage as far away as 1.5 miles. It was not known how much farther thia damage would have 
extended, (4) Earth cover appeu.ed to provide a considerable degree of protection from air 
nick to reinforced-concrete, shelter-type structures. The addition of the earth cover appeared 
to be beneficial, primarily due to decreasing the blast loading by improving the aercdynamic 
shape, which in turn reduced reflection factors. Also, there was a possibility of slight attenua- 
tion of pressure incident on the structure, depending on the depth and condition of the earth cover, 
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Chopter 2 
PROCEDURE 


2.1 SHOT PARTICIPATION 


The objective dictated that this project (a joint WES-H&N effort) adequately document informa- 
tion from nearly all the Operation Hardtack shots. The major effort of the project was concen- 
trated on the early shots which were expected to yield the most significant information for this 
project. Some supplementary information of interest, however, was also expected from the later 
shots. Therefore, because this proiect was to be a minimum effort using limited funds and per- 
3onnel, arrangements were made with H&N to receive the damage survey normally conducted by 
its field organization. In addition, it was planned to have a profect representative visit the test 
site after the operation to obtain additional data regarding the later shots. The schedule of ob- 
servation of effects from the various shots by the project during the operation and by the proj- 
ect representative after the operaciv.. .c saown in Table 2.1, 

The general layout and planned shot geometry for Operation Hardtack events, including the 
code name of the shot, site (island), and stations investigated, are shown in Figures 2.1 and 2.2 
for Bikini and Eniwetok, respectively. 


2.2 INSTRUMENTATION 


Eleven self-recording, air-overpressure gages and six self-recording accelerometers were 
located as shown in Table 2.2. The locations were selected to provide the most useful data, 
taking into account shot geometries with respect to structures, and the available instrumentation. 
The exact location, as well as the results obtained with these gages, appear in Chapteris 3 and 4 
under the section pertaining to the structuse in which or near which the gage was actualy located. 
The gages were furnished, calibrated, and read by personnel from the Ballistics Research Lab- 
oratory (BRL). 

The self-recording pressure gage consisted of a precisely gov. ned, battery-operated motor 
that rotated a silvered-glass aisk placed in operation by a fast-rising light pulse or thermal ra- 
diation from the detonation. A stylus attached to a compact metal-bellows element traced on the 
rotating disk a record of the dilations of the bellows produced by the pressure of the blast wave. 
In this way, a time-dependent record of theblast pressure was impressed on the disk. 

The self-recording accelerometer was similar tothe self-recording pressure gage, except 
that the sensing element was a cantilever apring with a sass attached at the free end. A re- 
cording stylus was wuunled un thic mass. A ctreond clement wag mounted at a right angle to 
the other so that the two styluses recorded acceleration in two planes on a single gias® disx. 

For a more detailed description of these two types of self-recording gages, including methods 
of installation and calibration, see WT— 1612. 

Dosinwter Film Packets, Type 559 (manufacturea vy &.1, du Pont de Nemours and Co.) ub- 
tained from and processed by TU 7.1.6 were placed in various stations to determine total garama 
radiation, The location of the film badges and the values obtained appear in Chaptera 3 and 4 
under the section pertaining to the appropriate structure in which the badges were placed. The 
{tlm used had two ranges of sensitivity; one from 0 roentgeng (r) to 10 r and the other from 
2 rto 400 r. 

Photograpns were taken before and after tne shots at each station so that a visual comparison 
of damage could be made. 
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Figure 2,2 General pian and shot geometry for Eniwetok Atoiil. 
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2,3 DATA REQUIREMENTS 


Air overpressure was measured to correlate damage with pressure. The curves shown in 
Figures 2.3 and 2.4 were used for predicting values of air overpressure and positive -phase 
duration, resp>ctively. Both curves are based on data found in References 3 ani 4. 

The geometry and position ef Station 1312, a large, reinforced-concrete diagnostic station 
without earth cover (constructed for Operation Hardtack on Site Janet), offered the opportuniiy 
to obtain loading information for a large diffraction-type target. To obtain this information, 
two pressure gages were placed in the front face, two on the roof, and one on thu back face of 


TABLE 2.t SCHEDULE GF DATA COLLECTION DURING AND 
AFTER OPERATION HARDTACK 


Shot 


Effects Observed 
by Project During 


Effects Observed 
by Project 
Representative 


Site 


. Operation Postoperation 

Bikini Atoll 

Abis Fir Cador 
Sycamore Poplar 
Aspen 

Charlie bir Cedar 
Sycamore Poplar 
Aspen 

Fox and George Maple Redwood 

Tare and Sugar Nutmeg Hickory 

Juniper 
Eniwetok Atoll 
Gene, Helen, and Koa Dogwood 
Irene Yellowwood Olive 

Tobacco Pine 
Walnut 
Elder 

Janet Koa Dogwood 
Yellowwood Olive 
‘lobacco Pine 
Walnut 
Eider 

Yvonne Cactus Linden 
Butternut Sequoia 
Holly Fig 
Magio.-2 Pisonia 
Rose 


ihe station. The vecults uf this work are presented i. Annendix RB. 

Acceleration measurements were obtained to assist in relating the response of a structural 
system with pressure and, also, to determine whether or not the acceleration was of such mag- 
nitude as to possibly cause physiological damage to personnel, Fer the purpose of predicting 
accelerations, a curve (Figure 2.5) was drawn from data contained in References 5, 8, and 7, 
The reference data indicated that the vertical acceleration of the floor slab approximated the 
vertical accele >. ‘un of the soil mass at the same level. If it is assumed that the total weight 
of a buried structure is approximately the same as the weight of soil displacerl, the acceleration 
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of the floor slab (at least in the downward direction) should approach the tree-fleld value. 

Radiation measurements were obtained to evaluate and compare actual with predicted values, 
The TM 23-200 (Reference 8) was used as the guide in making predicted radiation values, as 
well as in determining the attenuation factors for the various atructures. A discussion of the 
method and calculations used for predicting radiation within the four s.ructures that were radio- 
logically evaluated is given in Appendix A to this report. 

Water-wave predictions and wave-crest-height measurements were made by Project 50.1 
(Scripps Instituticn uf Oceanography). The data were used to study the relationship between 
wave action and land erosion, The results of this work are presented in Appendix D. 


TABLE 2.2 SUMMARY OF SELF-RECORDING INSTRUMENTATION 


Number of Gages 


Site Station “Kir Overpressure Acceleration 
rn 
Charlte 78.02 2 3 
Tare 2230.02 2 - 
Janet 1512 6 . 
3.1.1 L : 


Level surveys were performed to determine the loss of earth cover over several mounded 
: structures regulting from the effects of water waves and alr blast. 

The recorded damage from this or-: :tic™ and past operations, summarized in Chapter 1, was 
correlated with various curves of Reference 8, This project also utilized basic data from other 
Operation Hardtack projects to amplify the correlation. 

An opportunity was afforded to compare predicted with observed response of reinforced- 
concrete gage piers which were located on Site Janet. This work is described in Appendix C. 
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Chopter 3 
RESULTS: BIKIN! ATOLL 


For ease in interpretation of results and reference to various figures, the test results are pre~ 
sented in order according to atoll, then site (island), and then station. Where applicable to a 
particular station, a brief history relating effects from past operations ig also lacluded. 

The general test results and descriptions of the atations investigated on Bikini are summa- 
rized in Table 3.1. Throughout this report, the terms severe, moderate, and light damage are 
used; for clarification the following definitions (Reference 8) are given: 

Severe Damage. That degree of structural damage which precludes further use of 2 
structure for the purpose for which it is intended without essentially complete reconstruction. 
Requires extensive repair effort before usable for any purpose. 

Moderaie Damugec. That degrre of struciuial Jamage to principal load-carrying mem- 
bers (trusses, columns, beams, and load-carrying wells) that precludes effective use of a 
structure for the purpose for which it is intended until major repairs are made. 

Light Damage. That degree of damage which results in broken windows, slight damage 
to roofing and siding, blowing down of light intevior partitions, and slight cracking of curtain 
walls in buildings. 


3.1 SITE ABLE 


The effects of Shots Fir (1.36 Mt), Sycamore (83 kt), Aspea (319 kt), Cedar (220 kt), and 
Poplar (9.3 Mt) were observed at Site Able. The shot geometry with pressure contours and test 
stations for this site is shown in Figure 3.1. The air biast and subsequent water wave from 
Shot Fir swept the island free of atl vegetation. The extent of inundation from Shot Sycamore ia 
shown in Figure 3.2. The effects from Shot Poplar which exposed the island to air blast pres~- 
Sures greater than 1,000 psi completely destroyed all man-made Btatian:. 


3.1.1 Item 1, Station 1341, Castle. A three-story, reinforced-concrete, photographic bunker, 
constructed during Operation Castle (1954), was designed for an incident air overpressure of 50 
psi and a reflected pressure on the front face of 130 pai. A factor of safety of over 2 was used 
in the design; therefore structural failure at reflected pressures less than 280 psi would not be 
expected (Reference 2), 

This station was severely damaged and left in a weakened condition as a result of Shot 1 
(Bravo) of Operation Castle, which subjected it to about 130-pai air overpreasure. A 95-psi 
overpressure from the Romeo ehot (Operation Castle) caused additional damage, destrc ying 
nearly aii of the préviousiy damaged thie? story and making the station unsuitable for oecupancy. 
No additional damage was inflicted during Operation Redwing (1956). 

Figure 3,3 shows that blast effects from Shota Fir, Sycamore, Aspen, and Cedar intlicted no 
additional damage. However, the high over;ressure level of 35: psi from Shot Poplar sheared 
the second floor from the structure, as shown 101 Figure 3.4, 


3.1.2 Itern 2, Station 560.01, Redwing. A reinforced-concrete shelter was construcied and 
not damaged during Operation Redwing (1956). The general plan and elevation for this s: ructure, 
including film-badge locations, are shown in Figure 3.5. 

This stution was located in an estimated 30-, 6-, 12-, 10-, and 1,200-psi alr-overpressure 
range trom Shots Fir, Sycamore, Aspea, Cedar, and Poplar. 

Pre- and post-Fir photographs (Figures 3.6 through 3.9) show the effect of water waves and 
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Figure 3.2 Extent of inundation on Site Able after Shot Sycamore. 


Figure 3.3 Poat-Fir, -Sycamore, ~Aspen, and ~Cedar, (Item 1) 
Station 1341 on Site Able, nn additional damage. Pressure levels: 
Fir, 20 psi; Sycamore, 4,2 psi; Aspen, 8.5 psi; and Cedar, 7.0 psi. 


37 
SECRET 


air blast on the immediate area. The telephone pole adjacent to the structure was broken at the 
roof line Although the door of this structure could not be sealed tightly due to faulty seating, 
it la assumed that the pressure bulid-up within the station wae slight, Three one-hundred-watt 
light bulbs fartened to the ceiling did not break, indicating that the preasure within the atation 
was very low, Three inches of mud covered the floor and high water mark was noted | foot 8 
inches above the floor, The sand bags were strewn about the entire area, the top of the be. in 
was lowered 2 feel, and the earth mound in front of the station was reduced 7 fvet in height, 
Indications were that at least 3 feet of water had been confined within the circular berm area. 
Pre-Fir, post-Fir, and post-Sycamore profiles of the island between Stations 560.01 and 1519 
are shown in Figure 3,10, 

Shots Sycamore, Aspen, and Cedar had no noticeable additional effects on this station as 
would be expected by observing the small overpressures resulting from these shots. It is alao 


Figure 3.4 Post-Poplar, (tem 1) Staticn 1341. Pressure level: Poplar, 350 psi. 


evident from Figure 3.10 that Shot Sycamore caused very little, if any, additional erosion, 

The struciure was completely destroyed from the effects of Shot Poplar. Figure 3.i1 shows 
there was hardly a trace that the structure once existed and only a slight irace indicating the 
location of the circular earth berm thet once surrounded the structure. 

Radiation values within the structive for Sots Fir, Sycamore, and Aspen are Leica in Tabie 
3.2. 


3.13 Item &, Stations 152.01 and 153.01, Redwing. Two steel beams, one an 8-inch, 67-lb/ft, 
wide-flange beam, 10 feet 8 inches lung, and the other an 8-by-8-inch, 56.0-lb/ft angle, & feet 
8 inches long, were erected as test drag-type structures and were undamaged during Operation 
Redwing (1956). 

These stations received an estimated air pressure of 30, 6, 12, 10, and 1,200 psi from Shots 
Fir, Sycamore, Aspen, Cedar, and Poplar, respectively, The stations were undamaged from 
the first fou: . “ts except for slight erosion of the soil around the concrate foundat.ona, (Tigure 
3.12); however, the force from Shot Poplar destruyed the steel drag members, leaving only the 
consrete bases (Figure 3.13). 
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Figure 3.5 Plan and elevation including film badge locations iu 
(item 2) Station 560.01, Site Able. 


39 


SECRET 


ie i stad i” le Wei. 


Figure 3.6 Preahot, (Item 2) Station $60.01, Site Able. 
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Figure 3.7 Preshot, (Item 2) Station 560.01 including 
earth berm, Site Able. 
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Figure $3.6 Poat-Fir, (Item 2} Station 560.01. Preasure 
level: Fir, 30 pel. 


Figure 3.9 Posi-Fir, (Item 2) Station 560.01 including 
earth berm. Pressure level: Fir, 30 pai. 
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Figure 3.11 Post-Poplar, (Item 2) Station 560.01, complete 
destruction of station. Station 1341 can be seen in background, 
Pressure level: Poplar, 1,200 psi. 


Figure 3.12 Post-Fir, (Item 3) Stations 152,01 and 152.01. 
Pressure level; Fir, 30 pat. 
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3.1.4 Item 4, Station 1519, Redwing. A reinforced-concrete, photographic station approxi-- 
mateiy 24 feet long, 9 feet wide, and 7 feet high and weighing 50 tons was constructed and un- 
damaged structurally during Operation Redwing (1959). 

This station was locuted in an estimated 37-pai overpressure range from Shot Fir and was 
displaced 11 Jeet horizontally away from surface zero, A post-Fir view ig shown in Figure 
3.14. The pressures of 6.8, 14, and i1 psi from Shots Sycamore, Aspen, and Cedar, respec: 
tively, caused no further damage or movement. The very-high overpressure of 1,700 psi from 
Shot Poplar compleiely destroyed this station. 


3.2 SITE CHARLIE 


The effects of Shots Fir (1,56 Mt), Sycamore (93 kt), Aspen ($19 kt), Cedar (220 kt), and 
Poplar (9.3 Mt) were observed at this site. The shot geometry. with pressure contours and test 
stations, is shown in Figure 3.15. 

The air blast and water wave from Shot Fir swept nearly all vegetation from the island. In- 
undation caused from Shot Fir extended past Station 78.01 as can be seen in Figure 3.16. A light 
steel tower, shown in Figure 3,17, was located in the 25-psi air-overpressure range of Shot Fir 
and was completely destroyed, leaving no trace of the structure. 


3.2.1 Item 5, Station 78.01, 1319 Redwing. A re/nforsed.concrete timing station, constructed 
and undamaged du-ing Operation Redwing (1958) was modified for use in Operation Hardtack (1958) 
by adding a new entranceway and mounding earth over the old entrance and retalning wall. 

This station was located in an eSii:suwiec S5-, 6.7-, 14-, 11-, and 50-psi alr-overpressure 
range for Shots Fir, Sycamore, Aspen, Cedar, and Poplar, respectively, However, the struc- 
ture apparently received no structural damage from any of the shots. The general plan including 
locations for accelerometers and fim badges is shown in Figure 3.18 while the data obtained 
from the radiation measuremeéms are shown in Treble 3.3. The data obtalned from the air- 
overpressure gages shown in Figure 3.15 are presented in Table 3.4. No records were obtained 
from the self-recording accelerometers located in this structure. 

The structure, including the earth mound over the structure and light steel structural mem- 
bers used for guiding a guillotine-type gate over the entrance, is shown In Figure 3.19 prior to 
Shot Fir, in Figure 3.26 after Shot Fir, and in Figure 3.21 after Shot Poplar. For Shot Fir it 
appeared that the water-wave run-up on the side of the mound facing surface zern was 5 to 6 
feet vertically (see Figure 3.20) and that the passing wave reached a height of 1 to 2 feei a» u- 
served by the water marks on the earth mound. A heavy, interlor steel door was knocked off 
its pin and socket hinge from the shock effects of Shot Popiar. 


3.2.2 Item 6, Station 1200, Castle. A reinforced-conczete, earth-mounded structure was 
constructed during Operation Castle (1954). The structure, situated in the 130-psi air- 
overpressure range, was damaged from Shot 1 (Bravo) of Castle; portions of tie parapet and 
retaining walls at the rear of the structure were torn off by the blast. No additional damage 
was recetved during Operation Redwing (1956). The earth cover around this station was removed 
after Operation Redwing. 

This station wag located in the 20-p.l air-cvexprescure range for Shot Fir and rece:ved 
slight additional damage. A retaining wall previously damaged was forced over, leaving only 
the reinfurving stecl holding the cracked portion to the main section (Fir ires 3.22 and 3.23), 

No additional demage as the result of Shots Sycamore and Aapen was o2¢erved. The station 
appeared Intact as observed by distant cbservation after Shots Cedar and Poplar which caused 
pressures of 7 and 32 psi, respectively. 


3.3 SITES FOX AND GEORGE 


These sites wer: exposed to Shots Maple (230 kt) and Redwood (412 kt); however, the destruc- 
tiveness of Shet -uaple was such that no significant additional damage was inflleted by Shot Red- 
wood, Site Fox was completely inundated by the water wave generated trom Shot Maple while 
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Figure 3.43 Post-Ponlar, (Item 3} Stations 152.01 and 
153.01. Pressure level: Poplar, 1,200 psi. 


Figure 3.14 Post-Fir, (Item 4) Station 1519. Pressure 
‘level: Fir, 37 pst. 
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Figure 3.17 Preshot, steel tower on Site Charlie; 
completely destroyed by Shot Fir, 25 psi. 


47 
SECRET 


Cpbp 


Film Bodges 8 
4 9 an 


at aes Al. “at 


Sto. Ir? Oza 


Gia 


Accelerometers 


Figure 3.18 Plan including accelerometer and film badge locations 
for (Item 5) Station 78.01, Site Charlie, Redwing Station 1319. 


Site George was partially washed over. The shot geometry with pressure contours and test 
staticus for the two sites are shown in Figure 3.24, 


3.3.1 Items 7, 8, and 9, Stations 2410.01, -.02, and -.03. Three identical timber shelters 
mounded over with earth were consts"-‘ed Auring Operation Hardtack (1958). A typical preshot 


Figure 3.10 Preshot, (Item 5) Stuticen 78.01, Site Cheelia, 


view (s shown in Figure 3.25 and typical post-Maple view (pressure level, 85 psi) in Figure 3,26, 
All three structures were completely destroyed and the earth mcunds over the structures were 
washed away by the blast and water-wave forces of Shot Maple. 


3.3.2 Item ‘%, Stations 50.01, -.03, -.03, -.04, -.05, and -.06. Six water-wave gages were 


constructed and located as shown in Figure 3.24, The structural details of u typical gage are 
shovvn in Figure 3.27, 
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Figure 3.20 Poat-Fir, (Item 5) Station 78.01. Pressure 
level; Fir, 95 pei. Arrows (ndicate extent of inundation, 
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Figure $.21 Post-Poplar, (Iten $) Station 78.01. Pressure 
level: Poplar, 50 pai. 


Figure 3.22 Preshot, (Item &) Stztion 1200, Site Charlie 
looking toward surface zero. 
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TABLE 3.2. RECORDED RADIATION WITHIN STATION 660.01 (ITEM 2) 


See Figure 3.5 for a detailed Location of film badges. 
Plan of Film~-Badge Locations 
® Film badge located 3 feet above floor 
™ Film badge located on ceiling 
Radintion, r, at Film-Badge Locations 
Shot A B 7 c D E F G 
as eh le OR Be Ne 
Fir 41 _ 6.0 —_ 3.0 — 3.0 — 30 — 66 _ —_ — = 
— 609 — O18 — _ _ — 


0.10 _ 9.15 — 0.09 


Sycamore 6.60 _ 
4.8 4.8 3.4 2.3 _ 3.2 


Aspen 20.0 22.0 
* Plane of badge on surface of wall or ceiling. 
ft Plane of badge normal to both wall] and ceiling. 
} Plane of badge normal to ceiling and psrajjel to short wall. 
§ Plane of badge normal to ceiling and parallel to long wall. 


Figure 3.28 Post-Fir, (Item 6) Station 1200. Pressure 
lcvel; Fir, 20 pat. a 


50 
SECRET 


O1B1 DIS MH(IH 


| 
Aa) (Sd 02 
D025 tw) Sd vl 1\ 


ooo'zsi 32 


\ 


vy, 
Wy 


Ve 


1 


od 


"aB10on) pue xoq 8a4{g JO} LINOZUCO amssaid WW AI 3201003 jOqgG F7°E ania 


ayaun — 
xm e®; 


SOL 817915 SS 
rt % 
S c 
Noy 11g 
GVW As 
394039 
mOH 
COC eaTN 
x05 ajs942 
| m 
ie 
2 
o 
a 
(14 2%) QOOMTZY_g—™ | 
(4¥ O€2) 30¢vN 
ad } N 
n 
nd 
c~] 
2 3 - 
0 
Gar "Odi w Yaa cad 
“| Xd 3 
OOIb2 VIS(LIs] 280% HOSTS 


AL 


#£0 
peeio0stIs St 
Re Z20O1p2 Misia)" ¥ 
| Goarltt) 80 so olt2 01s 


vee 


(01S O61 
SUOI}DLS OADM - (01) WAH, 


poze) Sd OP! ow’ 


WH) ISd OF ooe24®) Sd 22 


(A) Sd Or 


9090S OS 
z 


$1 
SECRET 


All the wave stations aurvived the effects from air blast and water waves generated from 
Shot Maple; however, Station $0.04, which weighed about 10 tons, was thrown approximately 
300 feet. The footing of Station 50.01 was cracked vertically. A preshot view of Stations 50.01, 
~.02, and -,09 1s shown in Figure 3,28 and a post-Maple view in Figure °.29(a). A large con- 
erete block weighing approximatuly 15 tons (shown in the foreground of Figure 3.28) waa thrown 


af we 


Figure 3.25 Preshot, (Item 8) Station 2410.02, Site Fox. 


approximately 150 feet by the force from the water wave generated by the shot. ‘The final posi~ 
tion can be seen in Figure 3.29(a), However, no atructural damage ‘vas observed for this block 
which was locatad in the 340-psi range from Shot Maple. 

These stations were subjected to therma} radiation with values ranging from 400 cal/em* to 
1,200 cal/cm* for Shot Maple without noticeable effects. Shot Redwood then subjected the stations 
to higher values of therma) radiation ranging from 800 cal/cem? to 2,000 cal/com?, 


Figure 3.26 Post-Maple, (Item 8} 
level: Maple, 85 pai. 


fs ‘ 


Station 2410.02. Presaure 


Asa result of Shot Redwood, the two closest stations, 50.01 and 50.02, were destroyed. Sta- 
tton 50.03 was moderately damaged; the leeward pipe of the gage tower buckled laterally, leaving 
the whole tower tilting away from surface zero. Station 50.04, which had its base completely 


exposed (i.¢.. was not buried) was washed tc the faz side of the island. Stations 50.05 and $0.06 
remained undamaged, 
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Figure 3.27 Flan and elevation for wave stations, 
(Item 10) Stations 50.01 through 50.06, Site Fox. 
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Station 50.03 which survived both shots is shown in Figures 3.29(b) post-Maple and 3.29(c) 
post-Red'-ood, 


3.8.3 Item ‘1, Station 1810, 1830 Redwing. A relnfor’ed-cenc rete shelter was rehabilitated 
for use In Operation Hardtack and a large plywood room added to the station between the existing 
structure (Redwing 1830) and Station 1030 (Redwing 1528). 

A pre- and post -Maple view of the structure is shown in Figures 3.30 and 3.31. The blast 


a 
Figure 3.28 Preshot, (lcem 10) Stationa 5¢ 1, 
Site Fox. 


effects (14 pai) destroyed the plywood room but caused no structural damage to the existing 
reinforced-concrete structures. 
No additional damage was sustained as a result of Shot Redwood. 


wet) te Se 
-.03, and -.03, 


8.4 SITES SUGAR AND TARE 
The effects of Shot Nutmeg (24 kt), Hickory (13.4 kt), and Juniper (63.8 kt) are reported 


wre Qawee Se” ee 

Figura 3.28(a) Post-Maple, (Item 10) Stations §0.01, -.02, ava -.05. 
Pressure levels: Maple, 350 psi, 260 pai, and 190 psi, respectively. 

herein, The snot geometry, with pressure contours and test stations for these sites, is shown 
in Figure 3.32. A post-Nutmeg picture, Figure 3.38, taken from above surface zero shows most 
of the test stations. A comparison of Figures 3.34 and 3.35 shows the damage to the timber bulk- 
head and sandbags 'ocated at the end of Tare before and after Shot Nutmeg. Severe shock from 
the first shut cr.:aed the recording disks for bo.h alr-overpressure gages, the locations of 
which are shown in Figure 3.32. However, the records were pieced together and the recorded 
resulty tr Stations 174,33A and B were 265 psi (estimated peak) and 310 psi, respectively, while 
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the predicted pressures for these two locations were 330 pai and 310 psi, respectively. 
Shot Hickory had no appreciable effect on the taland or any of the structures on the Island. 
Che east end of Site Tare was severely washed by the effects of Shot Juniper as cen be ob- 
served in Figure 3.36 showing that Items 14, 15, and 16 are now located in water, while Itera 


17 is now located on the high tlde line. No structural damage was imparted to any of the stcuc- 
tures, 


Figure 3.29(b) Post-Maple, (Item 10) Station $0.03, 
Pressure level; Maple, 190 psi; 800 cai/cm’, 


3.4.1 Item 12, Stations 2200 and 2250, Station 2200, a reinforced-concrete, photographic 
bunker was originally constructed and remained undamaged during Operation Castle (1954). The 
station was rehabilitated with additions for Operation Redwing (1956) and received damage only 
to several adjoining retaining walls. For Operation Hardtack (1968), the station was again re- 


4 a : : ; a 

72 RS ee Be Bers sme’ Ete 

Figuire 3.29(c) Pust-Redwood, (Item 10) Station 50.03. 
Presaure level: Redwoou, 360 pai, 1,400 ca,‘cm?. 


habilitated with more additions. A 150-foot diagnostic tower designated as Station 2250 was 
erected atop Station 2200. 


The stations were located in the 8,2-pai range from Shot Hickory and minor damage was re- 
ceived by the elevator cab of the tower. No damage was incurred from the other shots. A gen- 
eral postsot picture is shown in Figure 3.37, 
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3.4.4 Item 13, Station 2210. A reinforced-concrete, sand-mounded cornector pit with the 


frcnt wall sloping at 1%, to 1 on the side facing the zero station was constructed during Operation 
Harcieck (1958). The walls (except the sloping front wall) were about the same size and confiz- 


uration as those of the structure shown in Figure 3.41. 
This e*ructure was located in the estimated 170-, 90-, and 430-pel air -overpruasure regicn 


Figure 3,30 Preshot, (Item 11) Statlon 1810, Site George. 


for Shots Nutmeg, Hickory, and Juniper, respectively, and was oot damaged structurally by any 
of the shots. A view of this siructure prior to being mounded with sand is shown in Figure 3.38. 
Sand was placed level with the roof of the structure. 


3.4.3 Item 14, Station 2270. A small, reinforced-concrete connector pit mounded over with 


be eo “i . 7 


Figure 3.31 Post-Maple, (Item 11) Station 1810. Pressure 
level: Maple, 14 pai. 
cand was constructed during Operation Hardtaca (5958). A preshot vic w ui this station prior tu 
being covered with sand is shown in Figure 3.30. 

This station was located in the estimated 490-, 260-, and 1,400-psi overpressure range for 
Shots Nutmeg, Hickory, and Juniper, respectively. Even though the station was expoded to 
extremely high overpressures it was not damaged structurally. A post-Juniper view of this 
structure ls shown in Figure 3.36. 
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Figure 3.84 Preshot view of timber bulkhead and sand bags 
at weat end of Site Tare. 


Figure 3.85 Pust-Nutmeg view of timber bulkhead 2nd sand bags 
at x74! end of Site Tare. Pressure level: Nutmeg, 650 pai. 
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wt 
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Figure 3.54 £co.-Juniper view of east end of Site Tare 
looking toward surface zero. 


Figure 3.37 Post-Nutmeg, (Item 12) Stations 2200 and 2250. 
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Figure 3.38 Preshot, (Item 13) Station 2210, Site Tare, prior 
to belng covered with sand. 


Figure 3.39 Preshot, (Items 14, 15, and 16) Stations 2270, 2229.01, 
an’ 2.30.02, Site Tare, privr to being covered with sand. 
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Figure 3.40 Posi-Nutmeg, (Items 15 and 16) Stations 2230.01 and 
2230.02. Pressure levels: Nutmeg, 350 and 320 pai, respectively. 
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Figure 3.41 Plan and elevation Including the location of self-recording 
accelerometers far (Item 16) Station 2286.02, Site Tare. 
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3.4.4 Dem 15, Station 2290.01. A reinforced-concrete detector structure was constructed 
during Operation Hardtack (1958). For practical purposes the plans for this atation were the 
same as those shown in Figure 3.41 for Station 2230.02 except that the walla were 6 inches great- 
er in thickness. 

This station was located in the estimated 350-, 200-, and 1,050-psi air-overpresaure rane 
for Shots Nutmeg, Hickory, and Juniper, respectively, and was undamaged. However, the 
structure settled 5 inchas and moved-1.5 inches toward surface zero after Shot Nutmeg. Com- 
parable measurements after the other two shots are not available. For a general preshot view 
of this structure prior to being mounded with sand, see Figure 3.39. A post-Nutmeg view, in- 
cluding the removed closure plugs, is shown in Figure 3.40. 


3.4.5 Item 16, Station 2230.02. A reinforced-concrete detector structure was constructed 
during Operation Hardtack (1958). The plan and section for this structure, including the location 


Figure 3.42 Post-Nutmeg, (Item 16) Station 2230.02, close-up 
of damaged 42-inch corrugated metal pipe. Pressure level: 
Nutmeg, 320 psi, 


of self-recording accelerometers, are shown in Figure 3.41. 

This station was located in the estimates 220-. 180-, and 1,000-psi air-overpresaure range 
from Shots Nutmeg, Hickory, and Junipsr, respectively, and was undamaged. However, sea 
water that leaked past the closure plugs into the structure as a result of the water wave from 
Shot Nutmeg corroded the recording disks of the accelerometers, thus c:using a loss of the data. 
A ranerg!, preshoi view of the structure and the attaciicd 42-inch, round, coarugated-metal pipe, 
pvior to being mounded with sand, is shown in Figure 3.39. Damage to the pipe after Shot Nutmeg 
is shown in Figures 3.40 and 3,42. 


3.4.6 Item 17, Station 630.01. A reinforced-concrete instrumentation pit was constructed 
during Operation Ha rdtack (1956). 
The station v.;: situated in the estimated 210-, 120-, and 560-psi air-overpressure range 
from Shots Nutmeg, Hickory, and Juniper, respectively, and suffered no apparent damage. 
64 


SECRET 


Chopter 4 
RESULTS. ENIWETOK ATOLL 


This chapter pertains to the regulta obtained at the Eniwetok Atoll; however, the introductory 
remarks of Chapter 3 are applicable here aa well, 

The general test results and description of the stations investigated at Eniwetok, including 
estimated peak overpressure, duration, free-field gamma radiation, and floor-slab acceleration 
where applicable, are summarized in Table 4.1. 


4.1 SITES GENE, HELEN, AND IRENE 


The effects of Shots Koa (1.38 Mt), Yellowwnod (24 kt), Tohacco (11.7 kt), Waleut (1.45 Md), 
Elder (940 kt), Dogwood ($97 kt), Olive (202 kt), and Pine (2.1 Mt), are reported at these sites. 
The shot geometry, with pressure contours and test stations, is shown in Figure 4.1. The de- 
tailed information concerning iu. viiccts on the various stations from each shot is presented in 
Table 4.1. 

Small craters ranging from 30 to 60 feet in diameter and § to 10 feet deep dotted site Lrene 
and were generally located near the long pipeline extending from Station 1410 to ground zero. 

It is believed that these craters were of the impact type (as indicated by wide, flat bottoms) and 
formed by missiles (possibly concrete blocks used for the pipeline foundation or pieces of coral) 
resulting from Shot Koa. A typical crater of this type is shown in Figure 4.2; the concrete block 
in the picture was one of the foundation blocks for the pipeline. 


4.1.1 Item 18, Station Compiex. A reinforced-concrete recording station was constructed 
during Operation Redwing (1956) and received no major damage during thct operation. This 
station was rehabilitated for use In Operation Hardtack (1958), and various parts vi 2i desiguacu 
as Stations 73.01, 1314, 1524, and 1611. The general plan for the station complex and other ad- 
joining stations is shown in Figure 4.3. 

The highest overpressure received by the complex was an estimated 42 psi from Shot Koa. 
The interior of the station was .ot damaged by any of the shots, The reinforced-conercte wing 
wall located at the entranceway (Figure 4.4) was slightly cracked prior to any of the shots, The 
wing wall was not keyed to the structure nor was reinforcing steel used to tie the two together. 
The wall waa side-on to the blast wave from Koa (40-psi range) but received no additional damage. 
The same wali was face-on to the blast from Yellowwood (11.5-psi range) and was cracked loose 
from the main structure. The vertical crack was approximately 4, inch wide and extended the 
entire height of the wail (Figure ¢.5). The wail failed from the race-on blast ettects of Walnut 
(28-pai range) and cracked loose at the intersection of the ground surface behind the wall (Figure 
4.5). The remaining shots had no additional effects. 

The results obtained from the fllm badges ). cated as shown in Ficure 4,3 are shown in Table 
4.2, 


4.1.2 Item 19, Station 1525. A reinforced-concrete diagnostic station was constructed during 
Operation Hadtack (1958). The general location of this station is shown In Figure 4.3 and the 
detatled plan and elevations are shown in Figure 4.7, 

This ction received the highest estimated overpressure of 42 pai from Shot Koa. The is- 
taining wail integral with the front wali of the structure was severely de.maged by face-on air 
rlast from Shot Koa but received no additional damage from Shots Yellowwood or Tobacco. How- 
ever, one end of the wall was destroyed by Shot Walnut. A preshot view of the front wall with 
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TABLE 4.2 RECORDED RADIATION WITHIN STATION COMPLEX (ITF-M 18} 


See Figure 4.3 tor detailed location of film hages. All badges are located 3 feet above flour 
level with the piane of the badge on the surface of the wail except as noted. = 


Plan of Film-Badge Locations 


Skat Radiation, +, at Film-Badge Locations am 
A Ay? B c D E F G Li it 
Koa 90.0 _ 46.0 4.90 1.02 0.52 0.17 0.12 0.11 _ 
Yellowwood 44.0 _ 220.0 5.00 O20 0 ©69.10 9 a 0 _— 
Walnut 900.0 _ 950.0 130.06 7.85 4.80 0.77 _ _- _ 
Elder 700.0 760.0 6.0.0 44.0 10.2 1.80 — _ _ 836.0 


* Plane of badge norma! :. s0:i. «ull and ceiling. 
? Plane of badge on back side of I-beam stiffener of blast door. 


Figure 4.2 Post-Koa, typic.l impact crater, 4,200 feet from 
ground zero. 
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Figure 4.4 Preshot, (Item 18) station complex, close-up 


entrance and crack in wing wall, Site Irene. 
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Figure 4.5 Post-Yellowwood, (Item 18) station complex, close-up 
of entrance and cracked wing wall. Pressure levels: Koa, 42 psi; 
Yellowwood, 11.5 psi; and Tobacco, 1.9 psi. 


Figure 4.6 Post-Walnut, (Item 18) station complex, close-up of 
wing wallfailure. Pressure level: Walnut, 28 pai. 
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its painted surface is shown in Figure 4,8. The retaining wall cracked around the outline of the 
side walls and ceiling of the structure as shown in Figure 4.9. The diagonal cracks indicate the 
bending failure of the wall. A side view is shown in Figure 4.10. The damage from Shot Walnut 
is shown .n Figure 4.11. No significant damage was observed from the remaining shots. 

Thermal radiation burned the paint off the structure, as can be observed by comparing Figures 


‘4 Se 


mere Sage! ‘ge 
Figure 4.8 Preshot, (Item 19) Station 1525, Site Irene. 


4.8 and 4.9; the total thermal radiation was approximately 350 cal/cm?*. 


4.1.8 Item 20, Station 1311. A reinforced-concrete detector station was constructed during 
Operation Hardtack (1958). The general location of this station is shown in Figure 4.3 and the 
detailed plan and elevations are shown in Figure 4,12. 


Figure 4.9 Post-Koa, (Item 19) Station 1525, tuce-on view. 
Pressure level: Koa, 42 psi; 333 val/em’, 


The highest overpressure received at this station was an estimated 42 psi from Shot Kaa. 
The station was structurally damaged mainly from the effects of Shots Koa and Walnut. A pre- 
Shot view of the retaining wall for this station is shown in Figure 4 13, a post-Koa view is shown 
in Figure 4.14, and a post-Walnut view is shown in Figure 4.15. 

The tucrmal radiation (and sand blast) had scme surface effects on tne reiaining wall; the 
thermal radiation was approximately 350 cal/ em?, 
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The entrance to this station was nearly filled with sand az the result of Shot Koa, as shown by 
comparing Figures 4.16 and 4.17. 

The plain-concrete floor of this station was badly cracked and the five 24-inch pipes entering 
this station were forced inward about 2y, inches (Figure 4.18). The crack pattern (shown jn 
Figure 4.19) indicatee that the existing foundation underneath part of the floor gave additional 
support to that portion, 


a See ge gap ER ag 
Figure 4.10 Post-Kus, (iiem 19) Station 1525, side-on view. 
Pressure level: Koa, 42 psi. 


4.1.4 Item 21, Stations 1211 and 1410. A reinforced-concrete structure situated at the 
Irene terminus of a large pipeline from Gene was erected during Operation Hardtack (1958), 

The highest pressure received by this station was an estimated 43 psi from Shot Koa. The 
structure was not damaged structurally by any of the shots. However, the earth cover on the 


GZ ~* 
Figure 4,11 Post-Wainut, (Item 18) Station 1525, retaining 
wall failure. Pressure level: Walnut, 27 psi. 


side of the structure facing surface zero for Shot Walnut was blown and washed away, exposing 
the concrete wall surface (Figures 4,20 and 4,21). 

A preshot view .{ the 5,200-foot-long pipeline leading from this station to ground zero is 
shown in Figur. - 22. A postshot view is shown in Figure 4.23. Only about 20 feet of pipe 
farthest from ground zero remained in the area and connected in one piece after Shot Koa. This 
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Figure 4.14 Post-Koa, (item 20) Station 1311, face-on 
view of retaining wall. Pressure level: Koa, 42 psi; 


350 cal/em’, 
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Figure 4.15 Posi-"yoinut, (Ifean 20) Station 1311, face-on 
view of retaining wall. Pressure tcve!: Walnut, 24 psi, 


Figure 4.16 Preshot, (Item 20) Station 1811, entrance, Site Irene. 
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Figure 4.17 Post-Koar, (Item 20) Station 1311, entrance. 
Pressure level; Koa, 42 pai. 


| peer Or 


“ure 4,18 Post-Koa, (Item 20) Station 1311, 24-inch steel 
pipes pushed inward 24, inches. Pressure level: Koa, 42 psi. 
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Figure 4.18 Post-Koa, (Item 20) Station 1311, crack pattern 
in floor. Pressure level: Koa, 42 psi. 


Figure 4.20 Preshot, (Item 21) Stations 1211 and 1410, view 
of side wall facing surface zero, Site irene. 
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Figure 4.21 Post-Watnut, (Item 21} Stations 1211 and 1410, 
view of exposed side wall. Pressure level: Walnut, 26 psi. 
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Figure 4.22 Preshot, pipeline to ground zero, Site Irene. 
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Figure 4.23 Post-Koa, pipeline to ground zero. Pressure 
level at near end: Koa, 45 psi. 
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portion was thrown from the concret® supports and was bent into a semicircular pattern with an 
approximate radius of 200 feet. The line of concrete supparts is shown in the left portion of 
Figure 4.23. Most of the missing portions of the pipe were thrown into the area to the right in 
Figure 4 238, 


4.1.5 Item 22, Station 3.4, Castle, A reinforced-concrete, signal terminal pit wiit a gravel 
floor was constructed and undamaged during Operation Castle (1954); neither was it damaged 
during Operation Redwing (1956). 

The highest estimated presaure received by this station was an estimated 34 psi from Shot 
Koa. The station was not damaged structurally from any of the shots. However, the hatch cover 
was not bolted down and the force from Shot Koa moved it horizontally A inch away from ground 
zero, 

The plan for this station, including the locations of film badges, is shown in Figure 4.24, The 


TABLE 4.3° RECORDED RADIATION WITHIN STATION 3.4 (ITEM 22) 


See Figure 4.24 for detailed location of film badges. All badges are positioned with the plane cf the badge 
on the wall surface. 


Pilm-Badge Locations 


7 
N 

s 

| 

! 

be 

I 

i= 

Plan Elevation 
Shot Radiation, r, at Film~Badge Locations 
a B c D E_ 

Koa — _ 6.44 6.79 8.59 
Yellowwood 6.29 1.77 0.68 0.67 0.65 
Walnut 375.0 104.0 21:2 18.0 20.0 


Elder 460.0 —_ 35.0 28.9 21.0 


results of the film-badge readings are shown in Table 4.3. The water-wave action from Shat 
Walnut eroded the earth cover away from this structure, ag shown in Figures 4.25 and 4.26. Tne 
dark area on the conrreta walls represents the contact area of the preshot earth cover. 


4.1.6 Item 23, Generators. Four 75-kva, diesel-driven generators (each 120 inches long, 

37 inches wide, 78 inches high, and each weighing 6,700 pounds), .ocated behind the station com- 
picx, were left in operation during Shot Koa. 

The generators were located 1 the estimated 38-psi air-overpresaure range for Shot Koa and 
were severely dainaged. A preshot view of the generators is shown la Figure 4.27 along with 
standard. Navy, steel pontoon sections used as fuel tanks. 

The earth rnound approximately 15 feet above the ground surface for the station complex 
shielded the senerators from the air biast to varying degrees. The generators were located 
agproxin::uviy 40 feet froia the intersection of the mound with the ground surface, The gorsre- 
tor near the edge of the mound (least protected from air blast) was thrown 60 feet while the gen- 
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ROOF PLAN 
+. gure 4.24 Plar including film badge locations for (item 22) Station 3.4, Site Irene. 
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ripen: Post - ieee ie sachet side view 
showing scouring action of water wave; dark area represents 


original earth cover contact aren. Pressure level: Waluut, 
32 pat. 


Migure 4.27 Preshot, (Rem 23) generators, Site Irene. 
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erator ner rer the center of the mound {sx.s' “7 iccted) was moved 2 feet. The other two gener- 
atore were thrown distances of 20 and 40 feet. A postshot view of the four generators is shown 
in Figure 4.28 and a close-up of one of the generators is shown in Figure 4.29, No additional 
damage to or movement of the generators occurred as the result of Shots Yellowwood (11.5 psi) 
or Tobacco (1.8 psi). The Na. * pontvon sections were nol damaged from any of the shots; how- 
ever, the air blasts from Shots Koa and Yellowwood moved the sections approximately 190 feet. 
Both the generators and pontoon sections underwent additicn2! movement during Shot Walnut 

(28 psi). Movement from the remaining shota was not observed. 


4.1.7 Item 24, Helicopter Pad. A helicopter pad approximately 100 by 100 feet, coustructed 
of standard, interlocking, steel landing mat, was located near the station complex. 

This station was subjected to an estimated air blaat of 38 psi from Shot Koa, and was severely 
damaged. Individual pieces of landing mat were bent, broken, and scattered over a wide area. 
Both the negative and positive phase of the air blast acattered the mat. Pieces were found 400 
feet from the original location away from ground zeru; other pieces were moved a similar dis- 
tance toward ground zero. A postshot view of the landing mat ia shown in Figure 4.30. Decause 
of the complete destruction resulti, 1rom Koa no further observations were made for the re- 
maining shota. 


4.2 SITE JANET 


The effects of Shots Yellowwood {°.. 7‘', Tobacco (11.7 kt), Walnut (1.45 Mt), Elder (940 kt), 
Dogwood (397 kt), Olive (202 kt), and Pine (2.1 Mt) were observed at Site Janet. Shot Koa had 
no reai effect at this site. The shot geometry and pressure contours are shown in Figure 4.31. 
The thermal radiation from Yellowwood caused grass fires in scattered areas. Cracks on the 
ground surface apparently caused by ground shock from Shots Koa and Yellowwood were observed 
throughout the site. 


4.2.1 Item 25, Station 1312. A large, 4-roum, reinforced-concrete recording station was 
constructed during Operation Harviack (1958), The general plan for this structure, including 
the locations of the self-recording air-overpresaure gages and accelerometers, is shown in 
Figure 4.32. 

This station was located in an estimated 13-, 3.7-, 33-, 58-, 31-, 21-, and 22-pri ai- 
overpressure range from Shots Yellowwoud, Tobacco. Walnut, Elder, Dogwood, Olive, and 
Pine, respectively, and was not damaged by any of the shote. 

The concrete face of the structure facing surface zero was piited from the effects of Walnut 
and Elder. The total thermal radiation on the face of the structure was approximately 275 cal/ 
cm’ from Walnut and 450 cal/em' from Elder, Since this station was very close to the shore 
Une, the pitting of the front face must tave been alnoet entirely the result of surface spalling of 
the co:screte due to the thermal radiation, Steel surfaces exposed to this sanie radiation level 
on the face of the structure showed no structural effects. 

The force of the water waves {rom Shot Wainut eroded the soil adjacent to the foundation of 
the structure ‘o depths of 5 and 6 tee. tFiguve toi. She Elder lad aw additigaal cfloci. 

The correlation of cesults of shock-tube tests on diffractigu-lype laigets with similar results 
of full-scale tests arc complicated due to the effects of precursor and dust luading in the field, 
which *re not present in ihe shock tube. Because «{ the absence of precursor and dust effects 
the opportunity was ufforded at Station 1312 to obtain data on the effect of a fast-rise-time pres- 
sure pulse on a diffraction -type structure, which could be more easliy compared with similar 
results of shock-tube tests. Therefore, with the assistance of personnel of the Bailistica Re- 
search Laborator'es, special efforts were made to obtain blaat-diffraction data. For a detailed 
presentation of the: diffraction study, see Appendix B. 

The results ‘ atr-overpressure measurements are shovn in Table 4.4. Due to malfunctions 
of the accelerimeter gages no acceleration data waa obtained. 
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Figure 4.28 Post-Koa, (Item 28) generators. Pressure 
level: Koa, 38 psi. 


» 


tas 


Figure 4.2° Post-Koa, (Item 23) close-up of damaged 
generator. Yreacure level: Koa, 38 pai, 
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4.2.2 Item 26, Station 3.1.1, Greenhouse. A multistory, multicompartment structure was 
constructed during Operation Greenhouse (1951). During Greenhouse the structure was damaged 
due to a peak reflected alr-blast overpressure of about 30 pai from Shot Easy (Reference 9), The 
air blast from Shot Item caused light damage, In general, the damage to the structure caused by 
the Mike shot of Operation Ivy (1952, Reference 1) was of the same order of magnitude as that 
caused by Shot Easy (Greenhouse). No additional damage was sustained by the structure during 


TABLE 4.4 FREE-fIELD AIK-OVERPREBSURE MEASUREMENTS, SITE JANET 
See Figure 4.31 for location of Stations 174.28 and 174.31. 


Ground 
a/w'’? positive Maximum d/w'? Positive Maximum 
sot Stee Tee tefet'/? Duration Overpreumure = ( a tt/kt'/? Duration  Overpressure 
———_—_—_——_ “eC pai mc pat 
Station 174.28 (near Station 1912) Station 174.34 (near Station 3.1.1) 

Yellowwood Janet —B, 995. aso _ 16.5 4,264 1,183 1.688 2.3 
Tobacco 3,998 = 2,788 0.728 28 6,504 2,814 = 0.8028 18 
Walnut 6,998 529 1.708 43.0 6,284 720 082.087 18.9 
Elder 3,996 407 _ 71.0 


Operation Castle (1954, Reference 10) or Operation Redwing (1956, Reference 11), The over- 
all perspective for this structure is shown in Figure 4.34, 

This station was located in an estimated ‘7.0-, 1.7-, 16.0-, 20-, 12-, &.4-, and L3-psi air- 
overpressure range for Shots Yellowwood, Tobacco, Walnut, Elder, Dogwood, Olive, and Pine, 
respectively. The effects from Tober~ -ver2 negligible and no further mention of that shot will 


so in 75 8, id 
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Figure 4.30 Post-Koa, (Item 24) helicopter pad. 
Pressure level; Koa, 38 psi. 


be made. An overall, pre-Hardtack view of this station is shown in Figure 4.35. A preshot 
view of typical damage to a first tloor column (Col. 13C) in Building 5 is chown in Figure 4.36, 
Bullding 5, a roi. “:2ced-concrete structure with window openings, receivea more damage irom 
previous operations than any other of the buildings. The other noticeable damage from previous 
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Figure 4.32 Pian including locations for air-overpressure gages 
and accelerometers for (Item 25) Station 1312, Site Janet. 
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Figure 4.33 Post-Wainut, (Item 25) Station 1312, erosion adjacent to 
foundation, Psessure level: Walnui, 54 pyi; Dlder, 58 pai; 450 cal/em’, 
operations wae found in the roof of Bullding 4, a reinforced-cuncrete shear-wall structure, see 
Figures 4.37 and 4.36. 
An overall view of post-Yellowwood (pressure level of 7.0 pyi) is shown in Figure 4.39. By 
comparing Figures 4.35 and 4.39 it can be observed that the oil drums and supporting wood 
{eames (outside center of building) were lightly damaged, incicating that the structure itself was 


Figure 4.34 Overall nerspective fo: (com 26) Station 3.1.1, E:te Janet. 


not damaged by the shct. A visual inspection and column-offset measurements (see Table 4.5) 
also proved that the structure received no appreciable damage from Yellowwood, 

The structure responded appreciably to the effects of Shot Walnut (pressure level of 16 psi}. 
Figures 4,40 and 4.41 show the overall damage, which can be compared with Figure 4.39 for 
pre-Waleut “amage. The corrugated siding on the metzl buildings was damaged severuly. Major 
damage w2.s observed in Building 5; damage to the front face and first-floor columns is shown in 
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Figure 4.35 Preshot, (item 26) Station 3.1.1, Site Janet. 


a 


Figure 4.36 Preshot, (Item 26) Station 3.1.1, Column 13C, 
concrete frame building, Site Janet. 
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Figure 4,87 Preshot, (item 26) Station 3.1.1, crack in coiling adjacent 
to Column Line 10 of the shear wall building looking away from surface 
zero, Site Janet. 


Figure 4.38 Preshot, (Item 26) Station 3.1.1, crack in ceiling 
adjacent to north wail of the shear-wall building looking away 
from surface sero, Site Janet. 


Figure 4,39 Post-Yellowwood, (Item 26) Station 3.1.1. Pressure 
level; Yeliowwood, 7 psi. 
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Figures 4.42 through 4.45. A pre- and post-Walnut view of Column 13C can be compared in Fig- 
ures 4,36 and 4.45. The columna in the upper two floors of this building did not receive compar- 
able damage as taeir first-floor counterparts (Figure 4.46), Evidently the first-floor columns 
took woat of the moment and shearing forces while the second and third floors moved away from 
surface as a unit (Figure 4.42), The tops of the first-floor columns (Columns 134, B, C and 144, 
B, C) were displaced hurizontally approximately 10 inches away from surtace zero with respect 
to their bases (Table 4.5). 


Figure 4.40 Post-Walnut, (Item 28) Station 3.1.1. Pressure 

level: Walnut, 18 psi. 

The other three frame-type buildings (2, 3, and 5) underwent very little additional lateral 
movement (Table 4.5). It should be noted that the lateral movement as shown in Table 4.5 is 
the permanent displacement and not the peak transient deflection. Damage to columns in the third 
floor of Building 3 is sho.sn in Figures 4,47 and 4.48. A typical column of Building 2 ia shown in 


hes * : . 

Figure 4.41 Post-Walnut, (Item 26) Station 3.i.1, aerial view. 

Pressure level: Walnut, 16 psi. 
Figure 4.49; this picture alao shows the suspended plum» bob that was used in measuring column 
offsets. The roof in Building 6 lifted upward 3 to 4 inches, tapering to its normal position at a 
point 7 cr 8 feet from the front wall (Figure 4.50). The cracked roof section in Building 4 opened 
consi: ably, being displaced a maximum of 10 inches at the center of the section adizcent ta 
Column Line 10 and the north end of the building (Figures 4.51 and 4.52), The bottom bars (Nc. 
4) of the slab failed in tension as was noted by the neck-down of the bars at the point of breakage. 
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Figure 4.42 Post-Walnut, (Item 26) Station 3.1.1, close-up of 
Building 5, a reinforced-concrete frame structure. Pressure 
level: Walnut, 16 psi. 


igure 4.43 Post-Wainut, (Item 26) Station 3.1.1, {ront column 
of Building 5. Pressure level: Walnut, 16 psi. 
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Figure 4.44 Post-Walnut, (Item 26} 
Station 3.1.1, second row of columns 
of Buiiding 5. Pressure level: Walnut, 
16 psi. 


Figure 4.45 Post-Walnut, (Item 26) 
Station 3.1.1, third row of columns of 
Building 8. Preasure level: Walnut, 
16 pal. 
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Figure 4.46 Poat-Walnut, (item 26) Station 3.1.1, 
Column I18C, second fioor of Building 5. Pressure 
level: Walnut, 'S pai. 


Figu:e 4.47 Post-Walnut, (Item 26) Station 3.1.1, Column 8A, 
ue’: J alowr of Building 3. Pressure level: Walnut, 16 psi. 
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Figure 4.48 Post-Walnut, (Item 26) Station 3.1.1, Column 7B, 
third floor of Building 3. Pressure level: Walnut, 16 psi. 


Figure 4.49 Post-Walnut, (Item 26) Station 3.1.1, Column 5C, 
first floor of Building 2. Fressure level: Wainut, 16 pst. 
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Figure 4.50 Post-¥ ‘vt. (Item 26) Station 3.1.1, roof slab 
damage, Building 6. Pressure level: Walnut, 16 psi. 


Figure 4.51 Poat-Walnut, (Item 26) 
Station 3.1.1, crack in ceiling adjacent 
to Column Line 10 of the shear-wall 
building looking away from surface zero. 
Pressure level: Walnut, 16 psi. 
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The top bars (No. 5) held the cracked roof section in place. 

Shri Elder (pressure level of 20 psi) caused additional damage ag can be compared by viewing 
Figures 4,53 and 4.54 with Figure 4.40. The shear resistance of the first-floor columns of Build- 
ing 5, the concrete frame, drag structure, was overcome and the upper floors intact settled 
down with the second floor girders resting on the collapsed first floor columns {Figure 4.55). 
The column offset measurements for Buildings 2, 3, and 6 ave shown in Table 4.5. A front view 
of Buildings 1, 2, and 3 is shown in Figure 4.56. Building 3, the reinforced-concrete (diffraction) 
structure underwent additional permanent lateral movement, but unlike its counterpart, Building 
§ (drag-type structure), the columns on each floor displaced laterally approximately the same 
amount and showed sigus of damage (Figures 4.57, 4,58, and 4.59), The rear wall of Building 3 
cracked horizontally, evidently from bending (Figure 4.60). Buildings 2 and 6 deflected approxi- 
mately ¥, inch away from surface zero. However, most of the roof section of Building 6 was 
blown upward by the blast and thrown to the gruund surface tn the rear of the structure (Figure 
4.61). Channel shear keys welded to the roof girder are also visible in the picture as well as 
the damage to the roof at the south end of Building 4. The major damage to Building 4 occurred 
at the north end where the roof was punched inward and is supported by the cantilever effect of 
the reinforcing steel (Figures 4.62, 4.63, and 4.64). 

The station was next investigated after Shots Dogwood, Olive, and Pine had been fired; the 
resulting estiinated overpressure levels were 12, 8.4, and 13 psi, respectively. An overall 
postoperation view of the structure is sucwu in Tigure 4.65. Litile additional darnage was cle 
served for Buildings 2, 3, or 6. As shown in Table 4.5, the postoperation column displacements 
for Building 6 were approximately the same as those for post-Rider; the postoperation displace- 
ments for Buildings 2 and 3 were less than those for post-Elder, indicating that rebound for the 
buildings occurred at a slow rate. 

Building 4 showed evidence of additional damage. However, the shear walls appeared sound 
and the damaged roof panels were in about the same condition as observed after Shot Elder. The 
third-floor slab underwent considerable bending. The maximum sag in the slab between the north 
shear wall and Column Line 10 was 6 inches, between Column Lines 10 and 11, 3 inches, and 
between Column Line 11 and the south shear wall, 12 inches, A view of the underside of the third 
floor along Column Line 11 ard the front wall facing surface zero is shown in Figure 4.66. The 
rotation experienced by the third floor slab caused it to crack at the intersection of both shear 
walls, A crack, having a 3-inch differential vertical displacenient, developed ut the intersection 
of the third-floor slab and front wall betweer. Column Line 11 and the sout:, shear wail (Figure 
4.67). 


4.2.3 Item 27, Station 3.1.3, Greenhouse. A composite-type, semi-buried shelter was con- 
structed during Operation Greenhouse (1951). No plastic deformations or damage were observed 
during that operation (Reference 9); however, earth blown by the blast from the Mike shot pariiaily 
blocked the entrance. The structure consisted of four major parts: a cast-in-place, reinforced- 
concrete shelter; three precast, reinforced-concrete pipe sections; a corrugated-pipe section; 
and a cast-in-place, reinforced-concrete entrance (Reference 9). The structure suffered no 
major structural damage during Operation Ivy (1952, Reference 1); however, the blast doors were 
removed prior to the test and the wordrrame air lock was destroyed by air blast (approximately 
18 psi), and the printed surface of the vent pipe was charred on the side facing g:ound zzro. No 
additional damage was inflicted to tne structure during Operations Castle (1954, Reference 10) 
and Redwing (1955, Reference 11). 

The maximum esiimated overpressure receive.: Ly this station was 29 psi from Shot Sider, 
The atation received no additional damage from any of the shots; however, the water-wave effects 
from Shot Walnut filled the entranceway with 6 inches of mud and left water standing to a height 
indicated by the.water marks shown in Figure 4.68. 


4.2.4 Iter, 28, Stations 20A, B, C, D, E and F, Greenhouse. Reinforced-concrete gage piers 
were con.cructed and undamaged, except ‘or Station 20A, during Operation Greenhouse (145i). 
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Figure 4.52 Post-Walnut, (Item 26) Station 3.1.1, crack in 
ceiling adjacent to north wail of shear-wall building looking 
away from Surface zero, Pressure level: Walnut, 16 psi. 
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Figure 4.53 Post-Elder, (Item 26) Station 3.1.1, front 
‘dew. Pressure level: Elder, 20 psi. 
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Figure 4.54 Post-Elder, (Item 26) Station 3.1.1, rear 
view. Pressure level: Elder, 20 psi. 
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Figure 4.55 Post-Elder, (Item 26) Station 3.1.1, 
close-up of Building 5, first floor collapsed. 
Pressure level: Elder, 20 psi. 
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Figure 4.56 Pcsi .:d-;, (Item 26) Station 3.1.1, 
close-up of Buildings 1, 2, and3. Pressure 
level; Elder 20 psi. 


Figure 4.57 Post-Elder, (Item 26) Station 3.1.1, 
Columns 7 and 8B, first floor of Building 3. 
Pressure level: Elder, 20 pai. 
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Figure 4.58 Post-Elder, (Item 26) Station 3.1.1, 
Columns 7 and 8B, second floor of Building 3, 
Pressure level: Elder, 20 psi. 


Figure 4,58 Post-Elder, (Item 26) Station 3.1.1, 
Columns 7 and 8B, third floor of Building 3. 
Pressure level: Slder, 20 psi. 
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Figure 4,60 Post-Elder, (Item 26) Station 3.1.1, Column 8D and 
crack in rear wall, first floor of Building 3. Pressure Level: 
Elder, 20 psi. 
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Figure 4.61 Post-Elder, (Item 26) Station 3.1.1, destroyed roof section 
of Building 6 and damaged area to roof at south end of Building 4. Pres- 
sure level: Elder, 20 psi. 


7 


Figure 4.6" Post-Elder, (Item 26) Station 3.1.1, outside view of punched-in 
roof sc7! su at north end of Building 4. Pressure level: Elder, 20 pai. 
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Figure 4.63 Post Elder, (Item 26) Station 3.1.1, 
inside view of punched-in roof section, north end 
of Building 4. Pressure level: Elder, 20 psi. 


Figure 4.64 Post-Elder, (Item 26) Station 3.1.1, close-up of punched-in 
roof section, north end of Building 4. Pressure level: Elder, 20 £31. 
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Figure 4.65 Post-Dogwood ‘Olive, and -Pine, (Item 26) Station 3.1.1, 
aerial view. Pressure levels: Dogwood, 12 psi; Olive, 8.4 psi; and Pine, 


13 psi. 


Migure 4.66 Post-Dogwood, -Olive, and -Pine, (Item 26) 
Station 3.1.1, underside of third flour along Column Line 11, 
and the front wall facing surface zero. Pressure leveic: 
Dogwood, 12 psi; Olive, 8.4 psi; and Pine, 13 psi. 
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4 en 
Figure 4.67 Post-Dogwood, -Olive, and -Pine, (Item 26} 
Station 3.1.1, crack in third floor at intergection of front 
wall between Column Line 11 and south shear wall. Pres- 
sure levels: Dogwood, 12 psi; Olive, 8.4 pai; and Pine, 

13 psi. 


Figure 4.68 Post-Walnut, (Item 27) 
siation 2.1.3, entrance filied with 
mud. Pressure level: Walnut, 21 psi. 
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Station 20A was destroyed either during Opevation Greenhouse or Operation Ivy. 

The structural details and elevation views of this item are shown in Figure 4.69, 

Stations 20B, C, D, and E were destroyed by the air-blast effects fron, Shot Walnut. {ation 
20F was not damaged by any of the shots. See Appendix C for a detailed analysis of the response 
of these piers iu blast pressure. 

Table C.1 Hats the pressures sustained by the various piers and the subsequent damage, A 
typical preshot view of a pier (Statior. 20B) is shown in Figure 4.70 and a post-Walnnt (pressure 
level, 25 psi) view of the same pier depicting typical damage, separation of the stent from the 
base, is shown in Figure 4.71. 


4.2.5 Item 29, Station 77,02. A reinforced-coacrete recording station was construcied during 
Operation Hardtack (1958). 


This station was not damaged fram any of the shots and received a maximum, estimate? pres- 
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Figure 4.69 Structural details and elevation views of (Item 28) 
Stations 20A, B, C, D, E, und F, Site Janet. 


sure of 17 psi from Shot Elder. The antenna and ventilating devices on top of this station (Figure 
4.72) were removed prior to Shot Elder. 


4.2.3 Item 30, Landing Pier. An earth-filled pier witn reiaforced-concrete side walls and 
concrete cubicles (5 by 5 by 5 feet with 6-inch walls and filled with sand) for additional stability 
received no damage from the first two shots, Yellowwood end Tobacco, 

However, Shots Walnut and Elder caused considerable damage (compare Figures 4.73, 4.74, 
and 4,75). Two of the concrete cubicles were thrown 45 and 75 feet, respectively, the steel 
tramework at the end of the pier was Deut over, and ihe steel yrill-type flooring was Slown aeay 
from the effects of Walnut (Figure 4.74). The welded horizontal beams were fractured at the welds 
on the side adjacent to the columns; the columns tilted on a 3-to-1 (vert:-al to horizontai) slupe 
away feo surface coro, During Shot Elder the horizons: structural meacre of the steel 
framework were blown on shoe and o1-y the tilted legs remained in place (Figuve 4.75). The 
two concrete cubes that were isplaced from Walnut were moved only slightly; no additional 
cubes were displaced. No additional damage was observed from the other shots. 


4.2.7 Camp. Tois camp was almost entirely dismantled prior to any of the shots; howevei, 
fr 


the wood frame: ¢ sume buildings and tents were left in place. 
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Figure 4.70 Preshot (Item 28) Station 20B. view of gage 
pier facing surface zero, Site Janet. 


Figure 4.71 Post-Walnut, (Item 28) Station 20B, view of 
toppled gage pier. Pressure level: Walnut, 25 psi. 
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Figure 4.72 Postshot, (Item 29) Station 77.02, recording 
station. Pressure level; Elder, 17 psi. 


Figure 4.73 Preshot, (Item 30) landing pier, Site Janet. 
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Wigure 4.75 Post-Elder, (Item 30) lauding pier. Pressure level; Elder, 30 psi. 


113 


SECRET 


The wood frames were destroyed by .°e effects from Shot Koa (pressure level of 5.2 psi). 
Shot Yellowwood (pressure level of 6.2 psi; scattered of] druma that had been previously scattered 
(Figure 4,76}. 


4.3 SITE YVONNE 


The effects of Shots Cactus (17 kt), Butternut (8 kt), Holly (5.6 kt), Magnolia (57 kt), Rose 
(14.5 kt), Linden (Li.1 kt), Sequoia (5.3 kt), Plsonia (228 kt) o-4 Fig (21.5 tons) were observed 


at Site Yvonne, The shot geometry, with pressure contours and teat stations, is shown in Figure 
4.77, 


4.3.1 Item 31, Station 1130. A reinforced-concrete bunker was constructed during Operation 
Hardtack (1958). This structure was designed to resist a 470-pai air overpressure and a 3,270- 


Figure 4.76 Postshot, Janet Camp. Pressure levels: 
Yellowwood, 6.2 psi; ‘Tobacco, 1.5 psi. 


psi reflected air overpressure. The pian and elevation for this structure are shown in Figure 
4.78. 

The structure was located in the 450-psi air-overpressure range for Shot Cactus and damaged 
only from that shot, The damage was confined to the side tunnel. A preshot view of the entrance 
(side away from ground zero) is shown in Figure 4.79 and a post-Cactus view is shown in Figure 
4.80. Thermal sudiaiion estimate? to he 20 cel/em? from Shot Butternut, which was fired after 
Shot Cactus, ourned the bilacie paint otf the wall surtace as can be seen by comparing Figures 
4,79 and 4.80, A preshot view of the entrance to the side tunnel is shown in Figure 4.81. A post- 
Cactus view, Figure 4.862, shows the damaged entranceway. Apparent‘y the blast wave that 
entered the tunnel-like entrance (side-on tu the shoca ‘.ont) was reflected xf the tunnel’s end. 
The resulting increase in pressure caused the tunnel walls and roof to separate and crack as 
though an explosion had occurred inside the tunnel. An interior crack near the junction with 
main structure showing the “bulging” failure can be geen in Figure 4.83. The tunnel was not 
fastened with dowels to the main station but merely keyed. 

Thermal radi::ion at this close range was estimated to be 650 cal/cm?. Very little of the 
tunnel was di: ctly exposed to this radiation as can be seen in Figure 4.81; however, the aveac 
that were exposed showed remarkably little effect due to this exposure, Figure 4,82. 
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Figure 4.78 Plan and elevation for (Item 91) Station 1130, 
reinforced-concrete bunker, Site Yvonne. 
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Figure 4.80 Postshot, (Item 31) Station 1130, entrance. 
Pressure level: Cactus, 450 psi; Butternut, 20 cal/cm?, 
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Figure 4.81 Preshot, (Item 31) Station 11430, side-lunnel - 
entrance, Site Yvar-. 


igure 4.82 Post-Cactus, (Item 31) Station 1130, side-tunne: 
entrance. Pressure level: Cactus, 450 psi; 650 cal/cm?. 


118 


SECRET 


4.3.2 Item 32, Station 1220.01. A steel cubicle mounted on a structurat-ateel platform was 
erected during Operation Hardtack. This station was located in the 450-psi air-overpressure 
range for Shot Cactus and was destroyed; only the legs of the structure survived. Preshot and 
postshot views are shown in Figures 4.84 and -..86, respectively. 


4.3.3 Item 33, Station 1216, A reinforced-concrete terminal for a pipeline was constructed 
during Operation Hardtack (1958). 

This station was located in the 450-psi air-overpressure range for Shot Cactus and apparently 
undamaged. A preshot picture is shown in Figure 4.85 and a post-Cactus view in Figure 4,86, 


4.3.4 Item 34, Station 1612. A reinforced-concrete recording station with a timber entrance 
tunnel and reinforced-concrete retaining wail was constructed during Operation Hardtack (198). 
The plans for the station with details for the retaining wall only are shown in Figure 4.87. 

This station was located in the 1,600-psi air-overpressure range for Shot Cactus. As a re- 
sult of the surcharge from this overpressure the timber entrance tunnel was filled in with sand 
and the adjoining retaining wall cracked and tilted outward 2 to 3 feet. A preshot view of the 
retaining wall is shown in Figure 4.88 and a post-Cactus view showing both the retaining wall 
and the emrance to the station is shown in Figure 4,89, 

The damaged, saud-filled timber tunnel aks cumuved by the use of a bulldozer and the interior 
of the detector station was investigated for structural damage. It was observed that the rear 
wall (wall away from ground zero) was damaged at the junctures with both the ceiling and floor 
(Figure 4.90). Apparently air blast entered the collimator pines and tended to blow out the rear 
wall. The rear wall was 1 foot thick, the floor and ceiling both were 2 feet thick, and the steel 
relnforcement for all three elements consisted of No. 7 bars at 12 inches on center, both ways, 
and in each face. 


4.3.5 Item 35, Stations 1523.01 io 1523.04. Four steel-pipe towers encased by a plywood 
covering were constructed for Operation Hardtack (1958). A corrugated-metal pipe (48 inches 
in diameter) mounded with sand led from each station to ground zero. A preshot picture of this 
station is shown as Figure 4.91, 

The stations were located in the 450-psi alr-overpresaure zone for Shot Cactus and were de- 
stroyed by that shot. All that remained was the foundations for the toxers and remnants of the 
corrugated pipe. 

The alr-blast wave smashed the far wall of each tower foundation, as shown in Figure 4,92. 
A typical failure pattern for the 48-inch, round, corrugated~metal pipe leading to ground zero 
is shown in Figure 4,93. 


4.3.6 Item 36, Station 1310. A massive, reinforced-concrete structure was constructed and 
undamaged during Operation Redwing (1956). A new reinforced-concrete room was added on the 
roof and the entire structure mounded over with earth for Operation Hardtack (1958). 

This station received a maximum, estimated overpressure of 16 psi from Shot Magnolia and 
expericnced no structure! damage from any of the shots. A preshot view of this station is shown 
in Figure 4.94 and post-Rose view ¢howiag loss of earth cover ts shown in »gure 4.95, 


4.3.7 Item 37, Water Tank. A 21,000-galion tank construi .ed of ¥ainch ateel plates with 
Y,-Inch round bolis spaced at 2 inches on center, and having a ridius of 10 feet 10 inches and a 
height of & feet, was damaged during Hardtack (1958). 

The tank was located in thel.5-, §.5-, 2.4-, 7.0-, 2.5-, 3.4~, 2.3-, and 3.4-pai air-overpressure 
zones for Shots Cactus, Butternut, Holly, Magnolia, Rage, Linden, Sequoia, and Pisonia. The 
tank was not affected by Shot Cactus but was damaged by Shot Butternut as shown in Figure 4.96, 
The tant. was half full of water at that time. Shot Holly had no additional effects. The tank was 
dam:,,eu additionally by Shot Magnolia as seen by the local buckling failure around the tcp perim- 
eter and the dishing of the roof as shown in Figure 4.97. No additional damage from the remali - 
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Figure 4.83 Post-Cactus, (Item 31} Station 1190, crack at intersection 
of tunne. and main structure. Pressure level: Cactus, 450 psi. 
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Figure 4.84 Freshot, (Item 32) Station 1220.01, 
cubicle, Site Yvonne. 
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Funwre 4.86 Post-Cactus, (Items 32 and 33) stations 1220.01 
and 1216. Pressure level: Cac’ 1s, 450 psi. 
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-Cactus, (Item 34) Station 1612, retaining wall and 
«trance to atation. Pressure level: Cactus, 1,800 psi. 
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Figure 4.90 Post-Cactus, (Item 34) Station 1612, interior view. 
Presaure level: Cactus, 1,600 psi. 
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Fig . 4.81 Preshot, (Item 35) Stations 1523.01 to 1523.04, Site Yvonne 
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Figure 4.92 Poat-Cactus, (Item 35) Stations 1523.01 to 1523.04, 
foundation pit for towers. Pressure level: Cactus, 450 psi. 
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Figure 4.93 Post-Cactus, (Item 35) Stations 1523.01 to 1523.04, 48-inch 
avtal corrugated pipe leading to ground zervu. Pressure level: Cactus, 


450 psi. 
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Figure 4.94 Preshot, (Item 36) Station 1310, concrete, earth-covered 
station, Site Yvonne. 


SZ —<—— (Except Coctus) 


Figure 4.95 Post-Rose, (Item 36) Station 1310, concrete, earth-covered 
stati .. Pressure levela: Cactua, 4.5 psi; Rutternut, 12 pal; Holiy, 7.8 
psi; Magnolia, 16 psi; and Rose, 4.2 psi. 
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Figure 4.96 Post-Butternut, (Item 37) 21,000-gallon water tank. 
Pressure level: Butternut, 6.5 psi. 


Figure 4.97 Post-Magnolia, (Item 37) 21,000-gallon water tank and 
Yvonne Camp area, Pressure level; Magnolia, 7.0 pal. 
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ing sbots was observed. Even though the tank was badly dented near the upper rim none of the 
bolts or bolt holes showed signs of incipient failure, and it appeared that the tank with some 
minor repairs could easily be placed in use again. The above-ground connections of 4-inch and 
2-inch water pi.es and the exposed 4-inch, rising-stem, gate valves (125-psi rated) were un- 
camaged. 


4.3.8 Yvonnc Camp. The camp located at the south end of Site Yvonne (Figure 4.77) was 
damaged severely. Damage resulting from the various shota to several types of construction 
and miscellaneous items ia described as follows: 

Timber Buildings and Tents. Light temporary timber buildings were severcly 
damaged {rom the 1.5- to 2.0-psi air overpressure from Shot Cactus. The first two rows of 


Figure 4.98 Post-Cuctus, camp damage, tents. Pressure 
level: Cactus, 2.0 psl. 


tents (closest to ground zero) were not only collapsed but moved away from ground zero a dis- 
tance of 6 to 8 feet (Figure 4.98), The remaining tents did not experience this movement but 
were partially collapsed. The light-plywood-covercd buildings were severely damaged, the 
smaller buildings belng damaged the ieart. ‘ue trames of inany struc.ures were Cullapaed io 
varying degrees and the plywood siding of many was blown off (Figure 4.99). The iatrine which 
‘was the closest camp building to ground zero was not only damaged but roved 6 inches away 
ivom ground zero. The blast that entered this building apparently exerted a greater pressure 
than the external pressure, as indicated by the outward oulging of the roof and side walls as 
shown in Figure 4,100. None of the buildings or tents were charred from the thermal pulse 
from Shot Cactus. The estimated presaure level of 5.8 to 8.2 psi from Shet Butternut completely 
destroyed all the terits and timber buildings. 

Telephone Poles. Wood telephone poles located in an estimated 2.5-psi pressure range 
for Shot Cactuc «. vo undamaged. The same poles located in the 12-psi air-overpressure for 
Shot Butternu: were bent and one was broken at the base as shown in Figure 4.101; the bent pole 
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Figure 4.99 Post-Cactus, camp damage, light timber construction. 
Pressure level: Cactus, 1.5 psi. 


. wee 
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Figure 4.100 Post-Cactus, camp damage, latrine. Pressure 
level: Cactus, 2.0 pal. 
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Figure 4.101 Post-Butternut, telephone poles. Pressure 
level: Butternut, 12 psi. 


mi cive 4.102 Post-Butternut, radar reflector. Pressure 
Level; Butternut, 5.8 psi. 
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Figure 4.103 Post-Butternut, helium bottles. Pressure 
level; Butternut, 5.8 psi. 
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Figure 4.104 Post-Magnolia, helium bottles. Pressure 
level: Magnolia, 6 psi. 
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in the right foreground is a 3-inch, round, steel pipe. The same poles were located in an esti- 
mated 16-psi range for Shot Magnolia and were ynapped off at the base. 

Radar Reflector. A multiunit, radar reflector, undamaged from the effects of Shot Cactus, 
was ripped from its concrete foundation and thrown 50 feet from the effects of Shot Butternut. A 
view of this station, which was located in the estimated 5,8-psi range from Shot Butternut, is 
shown in Figure 4.102. 

Heltum Bottles. Helium bottles stored in the camp area were undamaged but snifted 


Figure 4.106 Postshot, fire hydrant. Pressure levels: Cactus, 
2.0 psi; Butternut, 8.2 pai; Holly, 3.1 psi; Magnolia, 9.0 psi; 
Rose, 3.1 pai; Linden, 4.7 psi; Sequoia, 3.0 psi; and Pisonia, 
2.8 pai. 


slightly from some of the shots. This movement can be compared by viewing Figure 4.103 (post- 
Butternut, 5.8 psi) and Figure 4.104 \post-Magnolia, 6 psi). The remaining shots had no addi- 
tional effects. 

Fire Hydrant. A typical view of a fire hydrant located in the 2.0-, 8.2-, 3.1-, 9-, 3.1-, 
4.7-, 3.0-, and 2.8-pai air-overpressure range for Shots Cactus, Butternut, Holly, Magnolia, 
Rose, Linden, Sequoia, and Pigonla, respectively, ia shown in Figure 4.105. The hydrant was 
not damaged by anv of the shuts. 
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DISCUSSION 


The discussion of results is divided into three general categories: prediction curves, radiation 
and water waves, and damage-distance relationships, 


5.1 PREDICTION CURVES 


5.4.1 Air Overpressure, Opserved pressure-distance data, reduced to a 1-kt surface burst, 
have been plotted in Figure 5.1, where the solid curve is tdentical to the 1-kt plot shown in Fig- 
ure 2,3, which was used for predicting the ground-surface air overpressure for each of the vari- 
ous stations that were investig:iicd and summarized in this report. The points in the high-presaure 
zone, as plotted in Figure 5.1, represent data (References 12 and 13) from Shots Cactus (17 kt) 
and Koa (1,38 Mt), thus covering a low -yleld aac « high-yieid shot. 

In the very-low-pressure range, the plotted points represent data (Reference 12) from Shots 
Cactus, Koa, Butternut (80 kt), Magnolia (57 kt), and Yellowwood (340 kt). The data, as plotted, 
have not been corrected for wind, temperature, or any of the other meteorological conditions 
that can have marked effects on the properties of a blast wave in the ranges of very~low air over- 
pressures. 

The plotted points agree closely with the prediction curve, thus establishing a satisfactory 
level of confidence for the predicted air~overpressure values for the other shots investigated 
during the operation. 


§.1.2 Floor-Slab Acceleration, Limited acceleration data are available, and only a few points 
(References 12 and 13) were plotted on the acceleration-prediction curve (Figure 2.5), as shown 
in Figure 5.2. The points represent data from Shots Koa and Cactus. The data are not sufficient 
to determine the Overall reliability of results obtained from using the cuive; however, 1 annears 
that a reasonable value can be determined. 


5.2 RADIATION AND WATER WAVES 


5.2.1 Nuclear Radiation. Methods for predicting radiation within structures were not avail- 
able at the time of this operation except for the slant-thickness method which, as shown by this 
report, is not reliable. The path-of-least-resistance method for predicting radiation withi - 
structures wis therefore developed and is described In Appendix A. The measured and predicted 
values using this method were in reasonably close agreement. See Section A.6 for a detailed 
discusaion. 


5.2.2 Therma! Rsdiation Damage. Primary thermal radiation has se\dum been a governing 
factnr in damage to structures. However, it is quite important to know thermal levels when 
designing protective structures for very-high.verpressure regions. 

The predominant effect of thermal irradiation :s the heating of exposed surfaces oi structures. 
The effect of moderate irradiaticn on steel is simply to heat the surface; however, thin sections 
can iose strength. The effect of moderate irradiation on concrete reauits only in surface spalling. 

Observation of structures during this operation showed no case where thermal radiation was 
a governing factor in structural damage. Observations included steel exposed to 1,400 cal/cem? 
(Item 10) 3»:! concrete exposed to 650 cai/cm? (Item 31). 
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&.2.3 Water Waves. Blast-generated water waves were inatrumental tn removing consider- 
able quantities of loose material from earth mounds and earth berms. Observations of wave 
damage in this and past operations indicate that close-in structures surviving the effect of alr 
blast will undoubtedly survive the force of water waves. See Section D.5, Appendix D, for ¢. 
detailed discugsion. 


5.3 DAMAGE-DISTANCE RELATIONSHIPS 


Damage to certain common facilities and installations, such as cainp sites, generators, and 
storage tanks, has been observed and reported during several previous operations, For these 
items, the past damage data, as well as that obtained during Operation Hardtack, have been 
studied for the purpose of determining damage~distance relationships. Where possible, the 
damage has been compared with the curves of TM 23-200 (Reference 8). 

Damage classification, numely, severe, moderate, and light (Reference 8), has been used 
throughout this report tn describing the degree of damage to the various stations. In the follow- 
ing sections a detailed description of damage classifications pertaining to specific items is given. 


5.3.1 Camp and Wood-Frame Structures. The light wood-frame buildings for camp sites 
were constructed to provide temporcsy facilitics fur rieesing, storage, maintenance, and admin- 
istration. Typical construction for these buildings consisted of 2-by-4-inch studs 2 feet on cen- 
ter, trussed rafters 2 feet on center, ¥-inch exterior plywood siding, and corrugated aluminum 
roofing. 

The damage-distance relationship shown in Figure 5.3 represents the results of observations 
of damage made during Operations Ivy, Castle, Redwing, (Section 1.2.1 and References 1 and 2), 
and Hardtack. The following descriptions define the damage levels for the curves shown: 

Severe Damage. Frame shattered so that the structure is for the most part collapsed. 

Moderate Damage. Wallframing cracked. Roof badly damaged. Interior partitions 
blown down. 

Light Damage. Windows and docrs blown in. Interior partitions cracked. 

Distances shown for severe damage are those for which the probability of the damage occur- 
ring is 50 percent, the 2.0-psi level. The spread of the data in the severe-damage range supports 
the methods of obtaining 10-percent and 90-percent probability given ip Reference 8. For 90- 
percent probability, use is made of the distance for a weapon of half the desired jiu.u. ics 
percent probability, use is made of the distance for a weapon of twice the desired yleld. 

The moderate-damage level (1.0 psi) was determined by using the distance for a weapon of 
four times the desired yield, as in Reference &. The light-damage curve (0.75 psi) is intended 
to represent the upper limit of nuisance damage and the threshold of ight damage. The severe- 
damage curve (50-percent probability) for wood-irame buildings, one- or two-story house type, 
as given in Reference 8, is also shown in Figure 5.3. 

Damage to several types of heavy-wood-framed structures has been observed, but insufficient 
data make it impossible to determine damage-dictance relationships for such variable structures. 
However, ii das bcen deaconstrausi thet small, essentially windowless, wood-frame structures 
caf be designed to withstand overpressures up to 4.5 psi (Reference 1), if a moderate degree of 
damage is acceptable. 


5.3.2 Storage Tanks.. Demege-curves-(Rem-cence 8) show tha! tary: of! storage tanks (30 feet 
in height, 50 feet in diameter) are primarily diffraction structures and, therefore, overpressure 
sensitive, Damage levels for large oil tanks are described as follows: 

Severe Damage. Large distortion of sides, seams split, so that moat of the contents are 
lost (approximately Ill-psi level). 

Mods rate Damage. Roof collapsed, sides above liquid buckled, some distcrtion below 
liquia ievel (approximately 5-psi level). 

Light Damage. Roof badly damaged (approximately 1-psi level). 
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A 21,000-gallon water tank (Item 37) directly exposed to 8.5 and 7.0 psi of air overpressures 
received light damage. The roof was dished in, and there was a small amount of buckling of the 
sidea above the level of liquid in the tank. In addition, it was noted that there was no damage to 
the exterior connecting piping. 

Similar tanks exposed during previous operations (Section 1.2.1) confirm the observation that 
these tmaller tanks are considerably less vulnerable to damage at a given preseure levei than 
large oil-storage tanks. There is insufficient data to plot a damage-distance relationship for 
tanks of the type investigated in this report. However, examination of the data indicates that 
light damage is to be expected between air overpressures of 3 and 10 psi. 
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Figure 5.4 Dac for Structure 3.1.1 plotted on curves entitled 
“Severe Damage to Various Structures Primarily Overpresaure- 
Sensitive by Surface Burst of Various Yields” from Reference 8, 


5.3.3 Station 3,1.1 (Item 26, Three-story Blast-Resistant Buildings). The response of this 
structure allowed a limited comparison of abserved with predicted damage. Nowever, predicted 
damage is based on the effects. trom single shots while the structures in question were subjected 
to many shots. The severe-damage curve labeled “Blast Resistant, Keinforced-Concrete Build- 
ings” shown on Page 7-45 of Reference 8 was used for compar!'.g predicted with observed re- 
sponse. This comparison can be seen in Figure 5.4, Here the cheery-d regponses for the various 
shots are plotted on the prediction curve. The curve labeled “Blast Resistant Reinforced Con- 
crete Bldgs” has an indicated 34 psi at its lower end. The upper end, although not labeled, de- 
creases to 32 psi for the greater yields and ranges. 

The curve predicted something less than severe damage for Shots Walnut and Elder alone. 
Severe dar.age is defined as the collapse of the first floor columns of the building. Shot Walnut 
caused t* « columns of the first floor of Building No. 9 (the concrete structure with windows) io 
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displace laterally about one foot, thereby greatly weakening the structure. It can be assumed 
that a sligh’ additional load would have caused collapse of the columns, Shot Elder, which had 
about the same input pressure as Walnut, provided the force necessary to cause collapse of the 
first floor columns. 

Since none of the blast-resistant steel buildings, the concrete building withvut windows, and 
the shear-wall building underwent severe damage, the damage curve as used also appears rc4- 
sonable for predicting the response of theae structural types. 

Although the roof of the Shear-wall building collapsed, the frame and wal.s were only slightly 
distreased and the building was not considered to be severely damaged. The roof failure shows 
the need for careful consideration of roof designs. For example, it was observed that the line 
of failure for roofs occurred at locations -vhere main stress steel had been terminated; had these 
bare been continued, these failures may not have occurred. 


5.3.4 Station 1812 (Item 25, One-story, Reinforced-Concrete Building). This structure pro- 
vided the opportunity to record blast-diffraction measurements from four different shots. It 
was observed that the predicted and recorded pressures on the front and rear faces of the station 
were in close agreement. The observed and the predicted pressure curves along the roof were 
in rather poor agreement, especially atter the arrival of the vortex. See Section B.2, Appendix 
B, for a detailed discussion. 


5.3.5 Gage Piers (Item 28). Since several of the piers failed from air-blast effects and one 
did not, an opportunity was afforded to compare predicted response with observed resporse for 
diffraction targets oriented at various angles of incidence with surface zero. Even though the 
analysis was made assuming both the strength properties of the materials and the alr-overpressure 
values for the stations investigated, the predicted and the observed response were in close agree- 
ment. See Section C.4, Appendix C, for a detailed discussion. 


§.3.6 Miscellaneous Damage. The n.any support-type structures located at the various sites 
were exposed to a wide range of overpressure. The heavily reinforced-concrete structures 
located at the end of Site Tare were subjected to pressures over 1,000 psi from low-yieid kt 
devices without being damaged. An unmounded, reinforced structure (Item 2) located on Site 
Able was subjected to an estimated 1,200 psi from a 9.3-Mt device and was completely destroyed. 

Generators (item 23), located behind the stailuc complex (earth-mounded st2..0n) and exposed 
to an overpregsure of 35 psi, suffered severe damage. However, of particular interest was the 
striking evidence of the protection afforded objects sheltered from the air blast by an obstruction. 
The fully sheltered generator moved only 2 feet, whereas the least sheltered generator was 
thrown 60 feet. 
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Chopter 6 
CONCLUSIONS and RECOMMENDATIONS 


6.1 CONCLUSIONS 


The objective of recording damage from air blast, radiation, and blast-generated water waves 
was attained. Detailed conclusions are presented in Appendixes A, B, C, and D. The general 
conclusions are that: 

1. The peak air-overpressure curve (Figure 5.1) is reliable for scaled air overpressures 
from 0.1 to 350 psi. 

2. The peak-ground-acceleration curve (Figure 5.2) gave reasonable predictions of floor- 
slab accelerations. However, (ie overall reliabitily of the curve is uncertain, inasmuch as 
limited data were obta‘ned. 

3. Radiation levels inside shelters 4iscusscd ia thts report were adequately predicted by 
using a path-of-least-resistance method (see Appendix A}. 

4. Radiation levels inside shelters were not realistically predicted using the least-slant- 
distance concept. 

5, Thermal radiation was not a governing factor in structural damage for exposures up to 
1,400 cal/cm* for steel. 

6. Total thermal radiation of up to 650 cal/cem? caused only minor surtace spalling of direct!y 
exposed concrete. 

7. Structural effects due ta water waves may be neglected for close-in structures designed 
to withstand air biast. 

8. At greater distances, where air blast is of no great consequence, water waves must be 
considered in structural cesign and planning. 

9. Light wood-frame structures (camp buildings) suffered severe damage froma air over- 
pressures ranging trom 1.4 to 3.0 psi. 

10. Belted-steel, ground-surface storage tanks (27,000 to 30,000 gallons in capacuys, cuu 
of liquid, suffered only light damage from overpressures less than 10 psi. 

11. The camage-prediction curve entitled “Blast Resistant, Reinforced-Concrete Buildings, ” 
Reference 8, appears adequate fcr predicting damage to three-story, blast-res’ stant structures 
of the Station 3.1.1 type, f.e., reinforced-concrete building, with and without windows; structural 
steel, with and without windows; and a reinforced-concrete, shear-wall building. 

12. Reinforcing steel in roofs of blast-resistant structures should be designed to provide 
more uniformity of strength. At least one half (but preferably all), the area of positive reluforce- 
ment required within a continuous or restrained section of roof should extend beyond the face of 
the suppeet for 9 distance of 50 bar diameters, At least one half the reinforcement provided for 
negative moment at the support srould be extended beyond the paiut of inflection a distance sult 
cient to develop che allowable stress in such bars or a distance equal to the depth of the member, 
whichever distance is greater. By this procedure, abrupt chang -3 in the strength of a member 
woud be minimized, Local failures, thus, woul? sot cauge the folscee of 9 whole roof section 
before other portions (of that section) were overstresced. 

13, Heavily reinforced concrete Structures (earth-mounded and having 5- to 6-foot-thick 
walls and roof with clear spans up to 5 feet) survived air overpressures of 1,000 psi without 
damage. 

14. Objcts located close behind earth mounds within a distance approximately equa! to the 
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height of the mound received considerable protection from dynamic pressures at overpressures 
of 35 psi an? lower. 

15. Exposed standard 2-inch and 4-inch water pipes, including standard rising-stem valves, 
survived presaures up to 8 psi without sign of damage. 

16. For structures oriented so that a line drawn through ground zero is normal to the front 
face of the structure (zero angle of incidence), it was found that the method used in predicting 
luading on the front and back walls of diffraction-type structures provided results sufficiently 
realistic for design ur analysle purposes. 

17. The predicted shape of the overpressure curve for the roof of diffraction-type targets 
was not in close agreement with measured results, 

18. The method used for predicting pressures un the front and rear faces of diffraction 
targets at various angles of incidence with ground zero is satisfactory for design but not for 
analysia purposes. 


6.2 RECOMMENDATIONS 


1. It is recommended that the path-of-least-resistance method (Appendix A) be adopted for 
use in predicting radiation within atructures. 

2. The present method available for predicting pressures on the front and rear faces of dif- 
fraction targets oriented at a zero angle of incidence ie .dceqgurte and is recommended for design 
and analysis purposes. The present method of predicting roof pressure shunid be used until a 
better method is determined. 

3. Additional high explosive and,’s. o..0:n-tube experiments should be perforn.ed to: (1) de- 
termine a more realistic overpressure distribution along soofs of diffraction-type targets; and 
(2) determine the pressure distribution on the front and back faces of these targets when oriented 
at various angles of incidence with ground zero. 

4. Continuous beams, slabs, or walls of blast-resistant structures should be designed for 
greater uniformity of strength throughout their span. Any abrupt changes in the strength of a 
member invite local failure which can cause the whole member to fail before other portions of 
the member are seriously distressed. 
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Appendix A 
NUCLEAR RADIATION 


By Edwin S. Townsley, Captain, Corps of Engineers, U.S. Army Engineer 
Waterways Experiment Station, Vicksburg, Misstasippi 


A.l INTRODUCTION 


Film-badge dosimeters were installed in four 
atructures to obtain additional information on shield- 
ing against nuclear radiation. The effectiveness of 
shielding is determined primarily by the following 
factors taken from Reference 8: (1) distribution of 
the energy of radtaticn, (2) intunsity of the incident 
radiation, (3) ungle of incidence. ut ihe radiation, {4 
mass of the shielding material, and (5) geometry of 
the shielding. 

The first three of these are functions oie radia- 
tion itself while the last two are functions of the pra- 
tective shelter. Therefore, to better understand the 
problem of shielding, a brief review of what is known 
about radiation and hew the structure affects radiation 
will be given. 


A.2 THEORY OF RADIATION 


Since the purpose of this discussion ts to point out 
the uncertainties involved in making computatiors of 
shlelding against radiation, the discussion will center 
erimarily on initial gamma radiation. The uncertain- 
ties arising In considering nevtron and residual radi- 
ation are no less formidable. The following definition 
of flux as partains to nuclear radiation is taken from 
Reference 14; 

“The flux of any type of rudiation ig che total num- 
ber of particles per unit area and per unit time arriving 
at a particular pyint from all directions and at all 
energies. The unscattered flux ia that portion of the 
total flux which arrives directly at the point in ques- 
tlon from the source, without having suffered any 
previous collisions. | he unscattered Mux is mew 
directional if the source oi radiation is a point. ” 

It ig nussible to write an equation for the unscattered 
flux at a target in terms of the intensity of the (point) 
eosirou, distance perwoen source and turret and the 
mean free path in the uniform homogeneous medium 
in which both the target and source are assumed to be 
located. This equation becomes less accurate 2s 
approximations are adderi to account for the contribu- 
tion of scattered flux, size and distribution of energy 
in the source, anc the lack of uniformity and homoge- 
neity tn the mecium (including both the hydrodyuainuc 
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effect and the air-earth interface). Tho-efore, it is 
obvious that tiicre are considerable uncertainties not 
only as to the intensity of radiation, but also as to the 
distribution of the energy and the angle of incideace of 
the radjati-n at the exterior surtace of the structure. 


A.3 STRUCTURAL SHIELDING 


As yas noted in Section A.1, both the mass and 
geometry of the structure must be considered. In 
determining the attenuation of rediation with thickness 
for yarious materials, the normal procedure ts to 
direct a known radiation perpendicularly against a 
specimen of the material in questicn and measure the 
amount of radiation on the other side of the specimen. 
Therefore the geometry of the material is assumed 
to be ai infinite plane of given thickness, and the radi- 
ation is monodirectional, assumed to be monoenergetic, 
and normal to the curface of the specimen. 

Thus tho normal procedur? for computing the at- 
tenus ion to be obtained in a structure is to assume 
that 4 monoenergetic and monodirectional radiation 
strikes the suriace of the structure at an angle deter- 
mined by the line of sight ustween the source and the 
structure. The slant thickness of the structural ma- 
terial measured along this line of sight is used in 
determining attenuation. Work by the National Bureau 
of Standards (Reference 15) indicates that the shield- 
ing computed in this way may be much greater than 
actually exists for concrete wails of more than five 
iiches thickness and angles of incidence greater than 
thirty-five degrees. Therefore, the problem of pre- 
dicting shielding involvee the dual problems of deter- 
mining what radiation exists at the outside of the 
structure and of computing how much of that radiation 
passes through the walls of the structura ‘no its interior, 
or, to quote Reference 14; 

“No generalize” treatment of the military gamma 
shielding problem, either theoretically or experimen- 
tally based, can be presented at this timc. The geo- 
metrical configuration of a structure bears important- 
ly on its shielding effectiveness; the geometry of the 
most practical structures and of the topography in 
which they are located cannot be simply described tn 
a mathematical sense. Itis extremely difficult there- 
fore to cumpute the shielding effectiveness uf 2 given 
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structure with any reasonable accuracy. The computa- 
tional problem is compounded by the general lack of 
information of tr. distribution of radiation at the re- 
ceiver in intensity, energy, and angle. Generalizations 
based on experimental measurements are equally 
difficult because the uafa are limited and distributed 
ove" a variety of structural types, and often luck in- 
terna) cansistency. 

“Under these circtia:stinces itis felt that, at 
present, the best way to determine the shielding ef- 
fectivoness of u given configuration of materials is 
to estivnate It from experimentally measured values 
for similar atructures under similar conditions. ” 

It was because of this statement that radiation 
measurements were taken in a variety of structures. 
But thia method of determining the shielding is not 
adequate for the engineer who faces the probiem of 
designing a structure to protect its contents from all 
weapon offects. Accordingly, for purposes of predict~ 
ing the shielding offered by a structure, a somewhat 
different approach was taken. 


4.4 PREDICTION METHODS 


A.4.1 Slant Thickness. The conventional method 
of computing shielding is to determine the thick. "<¢ 
of the material of the structure along the line of sight 
to the source. These thickneases can be transformed 
into attentuation factors by reference to numerous 
available charts. In this study the charts in TM 22- 
200 (Reference 8) were used. 


A.4.2 Path of Least Resistance. Generally, it has 
been observed that radiation ingzide structures is 
greater than could be explained on the basis of slant~ 
thickness computation. It has long been recognized 
that the radiation inside a structure may be much high- 
er than anticipated due to the admittance of radiation 
through the entranceway. To make some estimate of 
this effect, and to attempt to account for the weakness 
of the slant-thickness method found by the National 
Bureau of Standards, the following assumptions and 
approximations were made: 

1. In regions of high flux, where shielding is a 
problem, radiation is assumed to be essentially direc- 
tional along the line of sight in its properties. (An in- 
dication of the validity of this assumption will] be found 
in Section A.6.) 

2. Where this directional) rodiation muat turn ap- 
proximately 90 degrees lo enter the shelter, ti ilux 
is reduced to ‘4s of its Mne-of-sight intensity. (This 
figure was arrived at by observing that radiation in- 
tensitiea tn foxholes, where essentially a right-angle 
tu. 0 ol radiation is required, vary frora ‘A, to Yon ol 
the line-of-sight intensity.) If two right angles or 180 
degrees must be turned, the intensity is ae the line- 
of-sight intensity (approximately 4,") . 

%. Since the foxhole is « box structure with one 
side open as a “window” .© radiation, radiation through 


more than one side or “window” ig assumed to be 
additive. 

4. Where two different shieldings ire offered, 
such as when u steel door occupies a portion of a wall, 
the attenuations of radiation through the two are com~ 
puted separately, and their contributions to the: interi-- 
or dose are assumed to be {tn proportion to their arcas 
This, in turn, assumes that the solid angle subtended 
hy these areas at the point of interest is proportional 
to their areas. Steel doors locited to one side of a 
wall do not satisfy this assumption, but the effect of 
the door is overestimated and the prediction is on 
the safe side. 

These predictions ure assumed to be valid up to a 
disiance from the “window” equa} to 14 times the 
largest dimension of the “ window.” 


A‘ RESULTS 


Internal radiation predictions were made for four 
structures (Stations 560.01, 78.01, Station Complex, 
and 3.4) using values of external doses determined 
from Reference 8 and shown in Tables 3.1 and 4.1. 
The attenuation factors tor materials, i.e., concrete, 
steel, soil, etc., were also determined by using Ref- 
erence 6. Elowcver, there attenuation factors are 
applicable for yields Lelow 100 11 and therefore the 
factors used in this report will be somewhut conserv- 
ative since the yields of most of the weapons in ques- 
far exceed 100 kt. Both the slant-thickness and path- 
of-least-resistance } rediction methods were used. 

In the following computations the attenuation factors 
are first delermined and the resulting attenuated radi- 
ation values which are the product of the attenuation 
factor and the predicted external dose zre presented 
in Tables A.1 through A.4. 


A.&.1 Station 560.01 (Item 2). This wa -a rectanen— 
lar box structure with interior dimensions co! 25 by 10 
by 9 cect with 4-foot-thick walls and roof (Figure 3.5). 
The wal! facing surface zero for all] shots of interest 
was shielded by an earth berm which was three feet 
higher than the structure (Figure 3.6). ‘he berm was 
six teet thick at the top with a vertical surface adja- 
cent to the structure and a two-on-one slope facing 
surface zero. This berm was partially eroded by 
wave action during Shot Fir. 

Sinve the distance from surface zero was the sume 
jer Sho s Fir, Syeamore, and Aspen, the shielding 
conipulawons are ike same tor all three shots, The 
erosion of the berm was not surveyed and has not been 
taken into account, thus “he ratio of observed to pre- 
dicted interior doses may be slightly higher for the 
last two shots. The computations are as foilows: 

Slant-‘Thickness Method: 

Geometry: 20 feet of earth and 4 fect of concrete. 
Attenuation Factor (AF) for: 

20 ft of soil = 107§ 

4 ft of conerete - 1.1 x 1073 
Total AF: (a> b) = 1.1 ¥ 10738, essentiaily zeru. 
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TABLE A.1 PREDICTED AND RECORDED RADIATION VALUES FOR STATION 660.01 


See Section A.6.1 for determination of attenuation factors (AF). 
Doee Behind Door 


Average Inverior Dose 


Predicted = 
Shot Exterior Predicted Predicted Predicted Predicted 
Dose Method I* Method It Recorded Method I* Method II t Recorded 
AF  Doue Ar Doae AF Dose AF Dose 

r r r r r r r 
Fir 7,000 Q tt] Tx19°9 49 24.6 0 6 8.68 x 107‘ 6.1 3.0 
Sycamore 210 0 0 qx i977 1.56 0.6 0 0 8.68x 1074 0.18 0.1 
Aspen 1,000 0 i 7x 1974 1.0 21.0 0 oa 8.68 x 1074 6.68 2.6 

*Slant-thickness method. 
+ Path-of-least-resistance method. 
TABLE A.2 PREDICTED AND RECORDED KADIATION VALUES FOR STATION 178.01 
See Section A.5.2 for datermination of attenuation factors (AF). 
Predictad Dose Behind Door Average Interior Dose 
Shot Exterior Predicted Predicted Predicted Predicted 
Do: Method I * Mothod lif Recorded Method I* Method If t Recorded 

5a AF Dose AF Dose AF Dose AF Dose 

r r r r r T r 
Tir 10,000 = a — = _ Fo 0 o.8x 1974 88 0 
Sycamore 320 a = “ _ _ 0 0 9.8x 1074 6.33 0 
Aapen 1,500 0 0 3.5% 107% 5.25 23.0 0 v 98x 10°74 1.47 1.3 
Maple ~ — _ _ _ — _ — —_ 1.2¢ 


* Slant-thickness method. 
t Path-of-least-resistance method. 
+ Radiation due to fallout. 


TABLE A.3° PREDICTED AND RECORDED RAD". *).\N VALUES FOR ST4 ‘ION COMPLEX 


See Section A.5.3 for determination of attenuation £ 9 es 7.4F), 


Predicted Dose in Eniranceway Dose Beyond 80-Degree Turn 
Shot Exterior Predicted Predicted Predicted Prediced 
Bose Method I * Method lt Recorded Method I* Method II ft Recorded 
AF Dose AF Dose AF Dose AF Dose 
r r r r r vk A 
Koa 13,000 0 0 4.1x107% 53.0 70.0 ) 0 2.73 x 1Lo-# 3.5 4.9 
Yellowwood 600 0.82 480 960,82 480.0 130.0 0 0 5.46% 107? 32.0 5.0 
Walnut 4,100 0.82 3,370 0.82 3,370.0 875.0 0 5.46x 107? 225.0 130.0 
Elder 4,100 0.82 3,370 0.82 3,370.0 700.0 0 0 5.48 x 107? 228.0 44.0 


* Stant-thicknesa method. 
t Path-of-least-resistance method. 


TABLE A.4. PREDICTED AND RECORDED RADIATION VALUES FOR STATION 3.4 


See Section A.5.4 for determination of attonution frctics (AY) 
Dose Under Hatch Cover 


Avscago interior Dose 


a ener LL 
ea Ava Predicted Predictad Predicted Predicted 
Nose _Method re Method [It Recorded Meth 1* Me-hod II Recorded 
AF Dose AF a AT Doss 
r e r 
Kon 7,000 _ — - _ ~ 0 0 106x107?) 74.0 1.3 
Yellowwoed 1,000 0 0 546x107? 64.6 8.3 0 0 106x107? = 10.6 0.9 
Walnut 6,704) 0 0 6.46x 107? 366.0 375.0 9 0 106x207?) 7i.0 42.0 
Elder 6,700 0 0 5.46 x 107? 366.0 460.0 o 0 106x107? 71.0 38.0 
*Slant-thiek:i: ~~ method, 


+ Path-of-least-resistanca method. 
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Path-of-Least-Resistance Method: 
AF for one side wall and roof: 
4 ft of concrate = 1.1 x 103 x 2 
1 90-degree turn = 4, x 2 
AF for rear wall: 
4 ft of concrete = 1.1 x 107! 
1 180-degree turn = '/o5q 
Sublotal AF (1 x 24+ 3% 4) = 2.98 x 1074 
AF for side wall with deor: (This wall is not 
only at slightly more than 90 degrees to the line of 
sight but is also in a radiation shadow caused hy 
the berin. Thus the radiation must turn an angle 
somewhere between 90 and 180 degrees. A 135- 
degree factor of ‘jg is used here although the full 
180-degree factor of My was used in the [TR.} 
Four feet of concrete = 1.1 x 107° 
(25 x 9) — (6 x 3) 45 
25x 9 . 
¥,-inch steel door = 0.7 
{G x 3) 
x9 
135-degree turn = '4oq 
Subtotal AF(1x 2x 543% 4x 5) =5.7 x 1074 
Total AF for structure = 8.68 x 107‘ 
Total AF just behind the door (3 x 5) = 7 » 1074 
See Table A.1 for a comparison of the predicted 
with the measured radiation doses. 


Wall-area factor 92 


Door-area factor = 0.08 


A.§.2 Station 78.01. This was a buried concrete 
structure. The earth cover over the roof, along the 
side, and the surface-zero side of the structure had 
been eroded since construction and were of unknown 
but appreciable thickness (Figure 3.16 and 3.19}. 
However, since the walls and roof of the struct..re 
were so thick, it is believed that no significant radi- 
ation entered the structure except through the wall 
and door located at the back side of the structure. 

The rear wall was 544 feet thick, 9'4 feet high, and 
13 feet wide with a %4-Inch steel door 8 feet 2'4 inches 
high and 4 feet 214 inches wide. 

Since the distances to surface zero were the same 
for all shots except Maple, the shielding calculaticns 
are the same for all conditions except Maple. For 
Maple, the radiation was due to fallout and no caicu- 
lations have been made. The computations are as 
follows: 

Slant-Thickness Method: 

Since the slant thicknesa war sn creat. the at~ 
fenuation factor detertained by this method predict 
ed that no significant radistion reached the interior 
of the structure, hence an AF «f zero. 


Phew Less, Keatstance Method: 
AF for wall and door: 
5% feet of concrete = 1074 
Wall area factor = 0.721 
%-inch steel door = 0.7 


4.2= 3.2 _ 
Door area factor 98. 13 0.279 


180-degree turn ~ 3~ 107% 


Total AF (axbxe+cex.dxe)=9.8x 107! 
Total AF behind door (c x 6) = 3.5 107? 
See Table A.2 for a comparison of the predicted 
with the measured radiation doses. 


A.5.3 Station Complex, This was a buried, 
reinforced-concrete structure consisting of many 
components (Figure 4.3), The thickness of cover and 
layout of the structure were such that the only signif- 
icant radiation was found in the entrance tunnel which 
had a '4-inch steel door the full height and width of 
the tunnel. The twine] made a 90-degree turi, within 
a distance equal to one and one-half times the height 
of the door. 

For Shot Koa, ground zero was located on ihc far 
side of the structure, and the door was completely 
in the shadow of the structure, thus requiring two 90- 
degree turns of radiation. For all other shots of in- 
terest, the door faced surface zero and thus the com- 


putations for slant-thickness and path-of-least-resistance 


methods were identical. The computations are as 
follows: 
Siant-Thickness Method; 

The slant thickness for the Shot Koa georretry 
resulted in an attenuation factor that predicted no 
significant radiation within the station, 

For the other shots, the AF for the entrance 
was the same as that determined by the path-of- 
least-resistance method while the AF for the area 
beyond the 90-degree turn was negligible. 


Path-of-Least-Resistance Method: 

AF for Koa only, Entranceway: 
¥4-inch stee} door = 0.82 
180-degree turn = 5 x 107? 

Total AF (a x b) = 4.1 x 1073 

Area beyond 90-degree turn: 
90-degree turn = ‘4, 

Total AF (ax bx c) = 2.73 x 1074 

AF for all other shots, Entranceway: 
Total AF (a) = 0.92 

Area beyond 90-degree turn; 

Total AF (a x c) = 5.46 x 107? 
See Table A.3 for a comparison of the predicted 
with the meusured radiation doses. 


A.5.4 Station 3.4. This was a reinforced-concrete, 
box-type structure mounded with earth, the roof being 
Seeh with the top of ths mound. The roof wee 39 in 
ches thick and 7 by 7 foet tn plan with 2 siee) hateh 
cover Y, inch by 3 feet by 3 feet located in one corner 
(Figuse 4.24), 

Sinc> the “radiation window” for ‘ts gtructure 
was the roof, the location of ground zero or surface 
zero had no effect on the AF determined by either 
method. The computations are as follows: 

Slant-Thickness Method: 

Since the slant thickness was so great, the at- 
tenuation factor determined by this method pre- 
dicted that no significant radiation ceachcd the 
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Interjor of the structure, hence an AF of zero. 


Path-of-Least-Resistance Method: 
AF for roof: 
30 inches of concrete = 107? 
(7 * 7) - > 3) | 
7+ 7 i. 
4 inch steel hatch = 0.82 
Hatch-area factor = 0.184 
90-degree turn = 4, 
Total AF (ax bx e+e x de) = 1.06 x 107? 
AF under hatch: 
Total AF (c x e) = 5.46 x 107? 
See Table A.4 for a comparison of the predicted 
with measured radiation doses. 


Roof-nrea factor 6,816 


A.6 DISCUSSION AND CONCLUSIONS 


Comparison of the predictions shows that the path- 
of-least-resistance predictions gave a more realistic 
appraisal of interior dosages. The location and re- 
corded values of the film badges used tor the struc~ 
tures is shown jn Tables 3.2, 3.3, 4.2, and 4.3. The 
following observations were mude from a siiuy of 
the referenced tables: 

(1) In Structure 560.01, Film-badge F, which is 
on the wall opposite the door, showeu migne, doses 
for all shots than any other interlor badge. 

(2) In Structure 78.01, Film-badge J, also located 
on the wall opposite the door, showed the highest dose 
for Shot Aspen. 

{3} In Station 78.01, for Shot Maple, where the 
source of radiation was fallout, the film-badge re- 
cordings for all badges were very uniform. 

(4) In the Station Complex, the nredicted doses 
using the path-of-least-reaistance method are all too 
high. However, two points should be noted: first, 
the attenuation around the 90-degree turn inside the 
structure is of the right order of magnitude; and sec- 
ond, all devices were shielded with 180-degree con- 
crete shields or 10-foot water shields. The effect of 
these shields on dose rates is not known to the author. 

(5) In Station 3.4, Film-badge B, which is the 
closest interior film badge to the door, shov.ed the 
higheat dose, and Film-badge A in the hatchway show- 
ed even higher doses. 

(6) The predictions for Station 3.4 frora Shots 
Yellowwood, Walnut, and Elder were more nearly in 
agreement with observed cosas than preu!ctions for 
the same shots tor the Station Complex. 

Observations {1), (.:), and (5) above tend to confirm 
the arsumption that radiation follows the line of sight 
through a radiation window. 

Observation (4) and the generally {sir predictions 
for all structures tend to confirm the assumption of 
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attenuation for 90-degree turns. 

Observation (6) may be explained by noting that the 
radiation window for Station 3.4 is harizontal sc that 
fallout and residual . adiations may coatribute more 
significantly to the observations than they do in the 
Station Complex. 

Obrervation (3) indicates that the 90-degree atten- 
uation is not valid for residual-radiation predictions. 

It should be noted that doses were recorded in the 
same location by several mutually perpendicular film 
badges. The effect of film-badge orientation wis 
small. These film badges are sensitivy to both gam- 
ma and neutron radiations, and to voth initial and 
residual radiations. It is not possible to determine 
how much each of thege contributed to the doses re- 
ported. Since the weapone conside:c. and the range 
at which observations were taken were relatively 
large, it is assumed that neutron radiation is not a 
large percentage of the total. less than 20 percent. 
None of the structures were in regions of high fallout 
except as noted for Station 78.61. 

The path-of-least~resistance method contains a 
humbhr of approximations for which creater refine- 
ments are possible. Among these ts the assumption 
that all the radiation is monodirectional along the 
line of sight, and therefore all radiation must turn the 
90-degree angie. The cctual distribution of radiation 
at various ranges from the source hag been the sub- 
ject of such studies as that reported in Reference 16. 
Another is the assumption that the parts of a window 
contribute to the total radiation in proportion to their 
area. It is stated in Reference 17 that the effective 
contribution of each portion of the window is taken as 
proportional to the solid angle subtended at the point 
of interest by the portion of the window being consid- 
ered. It is believed that refinements such as these 
do not add suffictently to the accuracy of the prediction 
to warrant their incluaiun in a prediction nearaduee 
that an engineer would use in designing a structurs. 


A.7 RECOMMENDATIONS 


It is recommended that the path-of-least-resistance 
method be used by engineers lo predict initial radia- 
tion when designing structures to resist the effects 
of nuclear weapons and for determining structural 
and/or construction requirements to provide adequate 
radiation protection. When designing protective struc- 
tures for which tho point of burst is unknown (which 
will genevally Ge true except at tbe N maid Ent- 
wetoek Proving Grounds), it should he ared that 
the radiation window faces the point of burst. 
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Appendix 8 
OIFFRACTION LOADING of STATION 1312 


Station 1312, a massive, reinforced-concrete struc- 
ture, shown In Figure 4.32, made an excellent target 
for a blast-diffraction study. Consequently, five self- 
veacording, air-blast gages were inatalled by personnel 
from BRL. The gages were placed flush with the front 
face, the roof, and the rear face of the station. Fres- 
sures were recorded for Shots Yellowwood, Tobacco, 
Walnut, and Elder. The gage geometry, including 

the plan and elevation for the station, is shown in Fig- 
ure B.1. 


5.1 PREDI(CTION METHODS 


The general methods set forth in Reference 18 
(which were derived mainly from shock-tube studies) 
were used in predicting the pressure on the front face, 


roof, and back face of the structure. However, presaure- 


decay curves both for side-on and dynamic pressures 
as presented in Reference 8 (TM 22-200) were used in 
predicting pressure-time relationships. 

The free-field overpressure and duration measure- 
ments from Station 174.28, located adjacent to Station 
1312, were used in predicting the diffracted pressures 
on the structure. In this manner a more reliable in- 
put value of pressure was obtained since the predicted 
values shown in Table 4.1 were slightly lower than the 
measured free-field values. The free-field pressure 
méasurements are presented in Table 4.4. Where 
duration values were not available, the predicted val- 
ues were used. Since the time of the preparation of 
this appendix, the value for the free-field overpressure 
for Shot Elder at Station 174.28 has been revised and 
is now 71 psi (aee Table 4.4) rather than the 65 psi 
us used in the calculations for the diffraction study. 
Since the difference is slight, the values in Figure 
B.5 have not bean changed to refect the increase in 
measured pressure. 


B.2 RESULTS AND DISCUSSION 


The recorded and predicted pressure plots for the 
vaii. * gan2 levsiigna for Shots Yellowwood, Tobatcs, 
Walnui, end Elder are shown in Figures B.2, 3, 4, 
and 5, respectively. 

The predicted arrivai tine of pressure at the var- 
ious gages was in close agreement with the measured 
values where a comparison of these values was possi- 
ble. 

It was observed that the predicted and recorded 
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pressures on the front face of the structure vere in 
close agreement; however, the predicted pressures 
were slightly greater. 

The peak valugs for the recorded pressures o1 the 
roof were very close to the predicted values except 
for Record 5-C, Shot Walnut. It was also observed 
that the vortex-action effect on the measured pressure 
did not cause a8 great a decrease in prersure as the 
predicted plot implies; but the recorded duration 
shows that the vortex lasted for a longer period of 
time. It was also observed that the greatar the prea- 
sure, the greater the strength, and the longer the du- 
ration of the vortex. 

The predicted and the recorded pressures on the 
back face of the structure were in clo3e agreement, 
the predicted pressure values were consistently slight- 
ly lower. 

The predicted durations for the free-field overpres- 
sures were in very close agreement with the measured 
values, 


B.3 CONCLUSIONS 


The methode used in predicting the load on the 
front and back walls of diffraction-type structures 
oriented at a zero angle of incidence provided reaulta 
sufficiently realistic for design or analysis purposes. 
The predicted front-wall pressures were higher and 
the predicted back-wall pressures were lower than 
the measured values, resulting in the prediction of a 
conservative, net-lateral load which is greater than 
tha measured load. 

The predicted pressures on the roof were in least 
agreement with the recorded results. The records 
indicate that the vortex action Jasted for a longer period 
of time than predicted and that the maximum pressure 
decay was not as great as predicted. It was also ob- 
corved that the vortex action is extremely sengitive 
to pressure level. ihese few recoris indicate that 
additional shock-tube study Jr needed for the purpose 
of revising prediction methods for determining pres- 
sures on 18 roof of diffraction structures. Howevar, 
the present prediction method for determ ning roof 
overpressure, even though conservative, is satisfac- 
tory for design purposes until a better mathod is de- 
vised. 

The wide range of pressure values presented in 
this study should enable designers to proceed with a 
reasonabie degree of confidence when designing blast- 
resistant, diffraction-type structures. 
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SECTION A-A 
Figure B.1 Plan, elevation, and gage geometry for Station 1312, Site Janet. 
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Figure B.2 }!sasured and predicted pressures for Station 1312, Shot Yellowwood. 
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Figure @.3 Measured and predicted pressures for Station 1812, Shot Tobacco. 
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Figure B.4 ‘vfeasured and predicted pressures for Station 1312, Shot Wainut. 
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Figure B.5 Measured and predicted pressures for Station 1312, Shot Elder. 


Appendix C 
RESPONSE of GAGE PIERS to BLAST LOADS 


S.ations °u-B, C, D, and F on Site Janet offered an 
opportunity to compare predicted with observed re- 
sponse of reinforced-concrete gage piers, hereinafter 
also called beams, oriented at various angles of inci- 
dence with surface zero and located at various pressure 
levels. Stations 20-B, C, and F were cracked through 
at the base (see Figure 4.71) by the air blast from Shot 
Walnut; however, neither Shot Walnut nor Elde: dam- 
aged Station 20-F. Since the length of the pier wa- 
yrvuter than 5 feet it was analyzed ao 2 diffraction 
ta' yet according to Roferency 18. A typical picr and 
structural details can be aven in Figure 4.69. The 
estimated pressurea received by the four stutlons at 
the Various angles of incidence from ground zero ave 
shown in Taole C.1. The angle of incidence is the 
angle formed by the intersection of a line fiom ground 
zero and the normal to the front face of the structure. 
Since information on the strength properties of ma- 
terial is necessary in predicting structural response, 
the str3aa-strain relations for steel and concrete used 
in the gage piers have been assumed and are shown in 
Figures C.1 and C.2, respectively. The compressive 
stress for the concrete was specified as 2,000 | si when 
the pler was conatructed; however, it is assumed that 
age has Increased the strength to at least 3,000 psi. 
The reinforcing steel was of intermediate grade and a 
typical curve has been drawn to represent the stress- 
strain relation of the ¥/,-inch bars used in the plers. 
To account for the rapid loading by the blast forces, 
the Curves have been increased by 30 percent as shown 
by the dotted lines, The first of the following anu!yses 
uses design strengths of materials under static condi- 
tions while the second considers the ultimate capacity 
of the system under dynamic conditlona. Notations as 
used ure listed at the end of this appendix. 


C.1 STRUCTURAL ANALYSIS USING Dc’ SIGN 
STRENGTHS 


The static design analysis, inciuding definitions for 
symbols, was made according to practices set ferth in 
Ref once 19 (ACE Cade). aA t-fout-wide section was 
ar<cUmed and the load causing reactions to the cantile- 
vev Sections was assumed uniform and »ormal to the 
beam, aee Figure C.3. The stress relation for the 
design condition is shown in Figure C.4. The follow~ 
ing Calculations predict the net lateral preasure (w) 
that can be applied to the be: n ag limited by moment, 
disfonal tensiun, bearin,, and bond. The values listed 
were used in the computations. 


Ag ~ Ad = 0.44 in?/foot 


b = 12 in. 
d = 9 in. 
f, = 1,350 psi 


fi = 3,000 psi 
f, = 20,000 pai 
47,000 psi 


a - 10 


p =p! - 0.004 


Sp = 25u pai 
u = 300 psi 
v = 90 psi 
Zy = 2.4 in. 


Determination of Neutral Axis (NA); 
Take moment of area ubout NA. See Figure C.4 for 
section geometry. 
6X? ~ (3 — X) (4.4) — (9 — X) (4.4) 
Xb LATIN = Bd 


# 


Ut) 


X = 2.592 in, 


Determine If moment is limited by compression or 
tension. From Figure C.4, 


is nfo cs X) 
when 


fe = 1,950 psi (design stress) 


_ 10 (1,350) (6.6Ry 
2.32 


fy = 39,000 psi >20,000 psi. 


Therefore the moment is limited by tension. 
Determine {, when fg = 20,000 psi 


. - Xf _ (2.512) (20,000) 
en (dX) 10 (6.68) 
fy = 695 psi 


Use this value when computing muiment. 


SECRET 


120 fe T a 4 tT +t —— +t 
i = 5 
no . ; ‘ A ’ + 4 + : 
, ne 
100 4 ' + ’ : i + t ‘ 
; i : 
#0 + ‘ ‘ 4 ' \ 
a 
so}- ‘ ‘ ‘ . ' ‘ } 
; | 
» 7 et en ee 
ry far Yt nd En 
« i” pate epee poet 4 j ’ } ’ ’ { 
a t 
i I 
& ‘ Pa ‘ ' ’ + ‘ ‘ ‘ { ’ | 
La Sc* Ge" ae we AGS Hed A | re 
5 ’ ‘ i ! ‘ ‘ ’ + wes Be. Ge 
i : 1 | ' eras iene | 
a : 1 €,5 61 NIFG CIN” 
* : 1 nia . ; t ar t 4,2 75 MIPS INS 
1 i 4 : . 1 t £ = 00 KS Nt 
: 4 : : | £ € 250+ 10 pss 
H ' i 3 r £4 23 80 lO" Ss 
| i : | | £20 207% 
He Se 4 a oll i 1 pol 
CO) to so 3) 40 $o €0 70 eo 90 ‘AA 10 120 9 14 
STRAIN, PERCENT 
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Figure C.2 Stress-strain curve for concrete. 
TAELE C.1 PREDICTED PRESSURES AND DURATIONS FOR STATIONS 20-A TO 20-F 
ae * Ground Angle of Reflected ~ Pasitive 
Stat 
tation Shot Yield Range Incidence Overpreesure Pressure Duration Remarks 
=? ft dey psi pai sec 
20-A Wa'nut 1.46 Mt », 300 24 26 8u _ = 
20-B Walnut 1.45 Mt 6,930 26 26 16 _ Failed 
20-C Walnut 1.45 Mt 7,125 29 23.5 70 _ Failed 
20-D Walnut 1.45 Mt 7,440 a3 21 61 2.1 Failed 
20-E ‘Walnut 1.45 Mt 8,160 40 18 54 _— . 
20-F Walnut 1.45 Mt 8,665 44 16 51 2.2 No damage 
20-7 elder 940 kt 7,105 53 18 43 1.9 


* Destroyed during previous operation. 
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ie comage 


Moment: betermine the maximum shear (V;,) on the section as 
From Figure C.-+t, governed by allowable shearing stress (v). 


= pape 4 i iss cas 3 ah 
M: ff, AL a — x/a) + i, Ag (9 ~ x/3) vt (v} (b) (jd), where fd in this case is 8.28 


V_ = (90) (12) (8.23) 


since 
ee V, = 8,890 ib 
5 tf, (d~X- 
fy ——— Determine lateral pressure (w) as governed by the 
maximurr allowable shear of 8,890 ib. From Figure 
fg RE W= C8, 
= x 
Assume a 1-foot section for the beam 
SHEAR: 
v= 60 inxX12inxw 
¥ = 720 w (lb/ft) 
MOMENT: 
1 
M = law x 6 x 5 
_M = 21,600w (in-}ba/ft) 
Figure €.3 Assumed loading geometry for typical pier. 
then then 
M = 106.87 fy w = 12.3 psi 
when Bearing: 
Par Since a 3-inch keyway wis uscd, assume the effec- 
fo = 69% psi tive Getripg area de Six Le Wwe [Ob sguerl Het} 
then and 750 psi (8p) as Lie design st in buaring 
M > 74,300 in-Ib Vt, = 81, (36) 
Dever mine lateral pressure (w) as governed by max- Vp = «7,000 Ib 
eznun allowable moment of 74,300 in-lb. From Figure Determine lateral pressure (w) as governed by the 
C3, maximum allowable bearing lead of 27,000 at the key- 
wot —M_ way- 
21,600 ¥ 
woe 
then 720 
w > 3.4 pst w = 38 psi 


Diageona) “ nsion: 
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Bond: 
Deterinir the maximum shear (V,) on the section 
as governed by allowable bond stress (u). 


Vu = Ey (fd) ‘uy 
Vu = (2.4) (8.2) 4300) 
Vu = 5,900 ib 


Determine lateral pressure (w) as governed by the 
tmaximum allowable shear of 5,900 pounds. 


mali 
720 
then 
Ww > 8.2 psi 


From the preceding calculations it is observed that 
moment contre}s the load for the piers and therefore, 
she design load (w) for the pters is 3.4 pst. 


12 in. 


C.2 BEHAVIOR OF CONCRETE SECTION UNDER 


DYNAMIC LOADS 


The analyaes were made according to the general 


procedures set forth in Reference 20 except that Jynam- 


ic valves were used in place of static-strength values 
for each material. The behavior of the beam (gage 
pier) was first determined at the yield atrength and 
secondly at the ultimate strength capacity of the sec- 
ton. From the values of moment a: yield and ultimate, 
an idealized resistunce curve ics the typieat beem was 
determined. 


C,.2-1 Flexural Behvior at Yield. The following 
ecometric relations were determined from the stress- 
strain relation for the concrete xection at yield as 
shown in Figure C.5. 


Strain Relation: 
Kd _ te (C.1) 
d fg + &y 


155 


(l-k'-K)d ef 
“TkKe Oe (2.2) 
(ak! -kyd ef 

W- X)d €y (C.3) 

Stress Relation: 

C= T+; (C.4) 
Yfgkbd = p'bdfi + pbdf, (C.5) 
My = bd’p! (1—k! —K/3)f5 + bd®p (1 - K/3)f, 


(C.6) 


From Figure C.1 the following stress-strain rela- 
tion for steel was determined when t, is less than 


fay: 


(C.7) 


(C.8) 


From Figure C.2 the following stress-strain rela~ 
tion for concrete was determined when {, ia less than 
3,000 psi: 


fe = €oB (C-9) 
Determination of Moment at Yield «M,). 
Th general moment cquation (6) was used to salve 
M,, by letting fg equal f,, and by determining values 
for K and t; By solving F quahon &.0 ‘vith the aiu ol 
Equations U.i, 0.3, C.%, os, and G.y, K was deier- 
mined. Once K wes solved, £% was found by solving 
Equations C.3 and C.8. The results are as follows: 


K -af2p'na -K‘) + upn + neip! + p)'-nip' + p) 


(C.10) 
when 
p = p'= 0.004 
k' = 0.67 
n= 10 
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then 
K = 0.256 
k' 
fg = €gE d- i-k (C-11) 
when 
€g = 0.00203 (see Figure C.1) 


E = 30 x 108 psi 


k! = 0.67 
then 
3 = 6,040 psi 


Solve t, to make certain that it is less than 3,000 
psi, the upper limit of Equation C.9. 


b 


(aed |e 
WO 7 


12 in. 


€¢ 


7 


= 7yo 
Ay 4 {C.16) 
Where: L = 60 in 
4, = 0.256 in 


C.2.2 Flexural behavior at Ultimate. Al the uIt!- 
mate capucity of the section several conditions of steel 
stress could exist. The first possibility that was in- 
vestigated assumed that f, was greater than fy, and 
that ff was less than fy, when f, was at uitimate 
strength. The aseumption proved erroneous since the 
strain value for f; exceeded the strain al yleld. It 
was next assumed that both (, and f, were greater 
than fy. However, for this condition, the stron 
values showed that both stress values were in the yield 


kid 


dd —K/3—k’) G |e 
4 
a 
a 


STRESS 


Figure €.6 Stress and strain relationships for concrete section at yield atrength. 


= Ea = 0.0007 


fe = (C.12) 


fo = €gE, = 2,100.0 pai (C.13) 
By substituting the appropriate values {nto Equation 
C.6, My waa determined. 


My = 223,000 tn-lb (C.14) 

Determination of Maximum Curvature 
(y) of Beam. The maximum curvature of the 
beam when the moment is equal to My was found by 
solving the following expressions: 


by = —My_ (0.43) 


Ecly 
Where: ly = b(kay" + pnbd*(1 — Ky” + p'nbd*(a — k* — Ky? 
i, 7 281.4 fat 
sy = 2.85 x 1074 in”! 


Determination of Maximum Deflection 
ySy) at Yield. The maxinum deflection of the 
beara at yield was found by solving the following ex- 
prescion: 


range for ateel. It was evident that both fy and fj 
were equal to fy but it was also evident that the quan- 
tity a” shown In cigure C.6 :aust be calculate} u:u- 
fully since this value cont-olled the compressive area 
of concrete as well as the length of moment arms. 
Therefore, an idealized stress-strain curve (f = 
60,000 psi; and E, = 23,800 psi) as shown in Figure 
C.1 (which closely approximates the actual curve) was 
assumed. The stress-strain relation for the concrete 
section at ultimate capacity is shown in Figure C.6, 
and the following geometric relations were determined: 


Strain Relation: 


By ¢ 
.- *s 
do eyte, (C.27} 
a -_*y 
da kn © mutes (C.18) 
eh . d{l—-k') -a 
Eg d-a {C.19) 
Stress Relation: 
C= T,+T, (C. 20) 
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K,Kyfjba = fxp' bd + fpbd (C.21) Fy = 23,800 psi 
then 
My = (d— Kya) (Agf,) + d(1 -—k') — Kn Alf} (C.22) 
f, = 60,650 pai 
From the idealized portiun of the stress-strain curve eh 
shown In Figure C.1, the following expzessions were BEI Sat OE Guan C2: 
determined: €g = 0.0273 (C.26) 
fg = f+ € Ey (€.23) Solve a by using Equation C.17, 
th = t+ ehEy (c.24) a= 1,15 In. ({C.27) 
Solve «4 by using Equation C.19 which ascertains that 
Determination of Moment at Ultimate the struin was in the yield range. 
. b 
(My). The ultimate moment for the beam was found ef = 0.0069 (C.28) 


C = KiKgfiba 


7 


: 


~~ 


12 in. 


4. 
|__| Ty = fyA, 


STRAIN STRESS 


P| € san 
—e- z= 


Figure C.6 Stress and strain relationships for concrete section at ultimate strength. 


by solving Equation C.21; however, vse quantities f,, By substituting the appropriate values into F.quation 
f3, and a were first determined while f, was assumed C.22, My was determined. 
equal to its ultimate value. The quantity f, was first 7 e 
determined by solving Equation C.21 with the aid of My = 290,000 In-Ib (C.29) 
Equations C.17, C.18, C.19, C.23, and C.24. Once Determination oioMaximum Curvature 
fg was found, a was determined by solving Equation 

? (%,,) of Beam. The maximum curvature of the 
C.17, and fg was found by solving Equation C.24. The u 

beam when the moment is equal to My was found by 

results are as follows: 


solving the following expression: 


_ KyKygfie pe. pik’ W. ce oc eg te t 
a a ~ a 2g ByeyEy + CyEI)+  — 5 oy = <a (C.30) 


70) oy = 3.48 x 1073 in7! 

where 

c= (€yEo — fy) + p/p! — 20'k*/p} Determination of Maximum Deflection 

g (Ay) at Ultimate. The maxrmum aeflection wee 
Pp! p! found by takirg otatical inoments of the beam ioaded 

B= {i cng adr kT) with angle changer. which is illustrated in Figure C.7. 
when men 

{i = 3,900 pal M = M,, W = 13.4 psi (C.31) 

€y = 0.004 Find tie section on the beam where the moment is 

p =p! = 0,004 a eM a 

k' = 0.67 X = 52.6 inches (C.32) 

“ini . @ of hea 
fy = 60,060 pai Determine deflection at end of beam. 
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ay 
A, 


C.2.3 Moment-Curvature Relation, The moment- 
curvature relation (M— ¢) is shown in Figure (.8. The 
idealized curve as shown by the dotted Hac was drawn 
to ustablish the idealistic resistance function of the 
beam. The resistance (r) of the beam was determined 
hy using the idealized moment and found as follows: 


My + M, 
Mp << 


Sy(LOX + 400) + (1,200 + 10x - x6) 


1.062 inches (C.33) 


a 


(C.34) 
Mp = 261,600 in~lb 
wees MO py re C.3 C.35 
Zi,609 (Figure C.3) (C35) 
rr = 12.1 psi (Resistance of Beam) 


C.2,.4 Shear-Compression Mode. The momen: re- 
yuired to produce fallure in the shear'-compression 
mode wa» determined 4s shown in Reserence i8 and 
presented as follows: 


M, = bd? [cose (a) (C.36) 


where 


k =Y{nip + p'))? + 2n(p+ p! —p'k')—n@ + p') 


Mg = 440,000 in-lb 


Since this moment is greater than the moment deter- 
mined for flexural failure, it may be agsun.sd that the 
critical mode is in flexure and not In shear compres- 
ston, 


C.3 DYNAMIC ANALYSIS 


Since no measured pressures for any of the piers 
were taken, the incident pressures were predicted 
along with reflected pressures for the particular an- 
gles of incidence. Tho pesitive durations for pressure 
were also predicted and are shown along with the other 
values in Table C.1. From the table it was obvicus 
that it was necessary to construct only two pressure 
diagrams, namely for Stations 20-D and 20-F for Shot 
Wulnut. The pressure diagram for 20-D gave the 
minimum observed pressure lhat caused Dilure wriir 
the diagram for Station 20-E shoved the maximum ob- 
served prepsure that did not cause failure. After the 
pressure curves were detcrmined the piers ‘vere ana- 

‘nod (2 eongare predicted response with observed 
response, 


C.3.1 Determination of Load on Piers. The pro- 
cedure presented In Reference 18 was used in predic- 
ting the pressure-load curves for Stations 20-D and 
20-F. A method for ac ‘urately determining the pres- 
sure on the rear face ui diffraction targets when the 
incident pressure 18 at an angle of incidence greater 
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than zero is not described. Nowever, for design pur- 
poses the reference recommends that the method de- 
scribed far determining the pressure on the back face 
for the zero-angle-ol-incidence condition also be used 
for conditions when the anyle of incidence is greater 
thaa zero. This obviously results in a conser itive 
estimate for the net lateral pressure. The gressure 
and duration values shown in Table C.1 were used in 
computing the curves shown in Figures C.9 and C.10. 
The figures show the pressure on the front and back 
faces of the pier, the net lateral pressurer, and the 
net idealized lateral pressure which was used In the 
dynamic analysis. A detailed plot of the reflected 
pressures for both cases is presented in Figace C.11. 


C.3.2 Natural Period of Vibration. The following 
equation from Reference 21 was used to determine the 
natural period of the beam for the fundamente] mode. 


Qn Ww 
Ta = =A 1 i (C.37) 
BF, 
where 


(nyL)? = 3.52 (first mode) 
n? = 9.78 x 1074 


when 
g = 387 in/sec* 
Eg = 3% 10° psi 
I = 332 in! 
W = 12.5 Ib/in of beam 
L = 60 in 
then 


T, = 36.6 msec 


C.3.3 Dynamic Analysis of Pier. Since the cura- 
tions of the pressure spikes in Figure C.11 wer:. signif- 
icant when compared to the natural period of vibration 
of the beam, the piers were analyzed for both the effects 
from the spike and the regular net lateral pressure. A 
chart entitled “Maximum Response of Single-Degree- 
of-Freedom Syatem to Initial Peak Triangular Forve 
Pulse,” in Reference 22, was used in determining Pyy, 
die Maximum transicui pressure Vhat th boam can 
withstand. 


Station 20-D;: 
Spike ulone: 


t = 0.016 sec (Figure C.11) 


P = GI pei (Figure C.11) 
T, = 0.0366 sec 
Ay = 0.956 in (Equation C.16) 
Ay = 0.062 (Equation C.33) 
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w (pai) 


Find “w” when M = My 


w (see Figure C.3) 


* 21,800 
Find section on beam where 
moment is equal to Ww 


M, = 6wx? 


2x =f 


Determine maximum doflection (4,) 


Tuke statical moments of angle 
changed about “O” 


x 
gy: 2 
$2: (5+ 30 * dy* (60-X) = Gy (1,800 ~2) 


x? 
aG + 40) (du ~ by) * ; + (60-X)= (by ~ by) (1,200 — 10x - 


oi] 
Ay = E = py(10X + 600) + $utt,200~ 10x -* ) 


Figure C.7 Determination of deflection at ultimate capacity. 


400 


Idealized Curve (Mp = 4) 
My 


300 


200 


MOMENT (in-kips) 


100 


0 0,001 0.002 0.008 0.004 


CURVATURE 


Figure C.8 Moment-curvature diagram for beam. 
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r = Ww = 12.1 pai (Section C.2.3) 


_ 0.016 


Then: ST, = D366 = 0.437 
: 1.062, 
OulOy = Fane ~ 


From Chart, Reference 22: 
Py/t % act 
Py, = 2412.1) = 29 psi <61 psi 


Since the net predicted pressure to cause failure was 
29 psi and the actual pressure was 61 psi, the beam 
should have failed from the spike load wlcne. Idealized 
Jateral pressure (without the spike load): 


t = 1.2 nee (vs igure C.9) 
P = 17 psi (Figure C.9) 


Then: t/T, = 33 


Fror: Chart, Reference 22; 
Py,/r = 0.9 


Pm = 0.9% 12.1 = 10.9 psi <17 psi 


The oreseure of 17 psi was sufficient to cuuse failure 
of the beam. 


Statlon 20-F: 
Spike alone: 
t = 0.015 see (Figure C.11) 


P = 51.0 pai (Figure C.11) 
then 
t/Tp = 0.410 Se 42 
ay 


From Chari, Reference 22; 


Py,/t = 2.5 
Pm = 2.5% 12.1 © 30.2 psi <51 psi 
Since the actual pressure was 41 psi the beam should 


have failed according to the above calculations; how- 
ever, the beam did not fail. 


Idealized lateral pressure: 


t = 1.2 (igure C.10) 
P = 11.0 psi (Figure C.19) 
th 
"The = 84 Sy = 4.2 
e ‘'n « ay = a 


From Chart, Referunce 22: 
Py/r = 0.9 
Pm * 0.9% 12.1 = 16.9 psi <11.0 psi 
The net predicted pressure of 11.0 psi and the minimum 


pressure of 10 > psi to cause failure ure very close, 
and it can ho = sumed that due to this Inading the beam 
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was very Close to jailure. 


C.4 DISCUSSION AND CONCLUSIONS 


Even though the analysis was made ossuming: both 
the strength properties of the materisis and the air- 
overpressure values for the two stations investigaced, 
the predicted and the observed responce wre in fairly 
close agreement. 

However, there exists 1 lack of datu for use in 
determining re‘iected front-wall pressures us the an- 
gie of incidence deviates from zero. There is even 
less data concerning pressures on the rear faces of 
such structures. Shock-tube studies and/or high- 
explosive tests should be conducted to establish the 
relation of pressure on the front and Sack faces of 
diffraction targets at various angles of {ncidence. 

If the spikes are neglected, the analysis predicts 
that Station 20-D would fail, which it did. The analysis 
for Station 20-F predicts that the pier was at the thres- 
hold of failure; however, the pier did not fail. The 
analysis predicts that both piers should fail from the 
spike loads alone. 

It can bu obse. ved that the ullimate bending capacity 
of the beatn unde: dyaamic conditions is approximately 
four times greater than the bending capacity under stand- 
ard design strength cor itions. 

For design purposcs vhe method used wag satistac— 
tory; however, for unalysis purposes refinement is 
needed. 


C.5 NOTATIONS 


a, depth of stress biock in concrete at maximum load- 
carrying capacity 

Ag, area of tension reinforcement 

Ag, area of compression reinforcement 

b, width of rectangular flexure member 

C, total compressive force in concret> 

d, effective depth of beam which is the distance fiom 
the compression face of the concrete to the cen- 
troid of the tension steel 

, modulus of elasticity of concrete in the elastic 

region 
Eo, idealized slope of stress-strain curve for reinforc- 
ing steel in yield region 

{,, stress for concrete in compression 

fu, ultimate compressive strength of concrete as 
determined by standard test cylinders 

dynamic ultimele rompressiva etrensth of concrete 


Eo 


fe 
f,, stress for steel in tension 
, yield point of steel in tension 
a dynamic yicid of steel 
t, defined in Figure C.5 
ly) moment of inertia of bsam cross séction trans- 
formed to concrete 
j, ratio of distance (jd) between resultants of compres- 
sive and tensile stresses to effective depth 
jd, lever arm of resisting couple 
k', a factor when multiplied by d gives tne distance 
between tension unc compression reinforcement 
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k, a factor when m'tiplied by uU gives the distance 
frum the cv .mpressive face to the neutral axis of 
transformed section (straight-line theory) 

K,, K;, coefficients defining the magnitude and position 

of the int-rnal compressive force in concrete 
ke, ratio of maximum compressive strength of concrete 
in beam to compreasive strength of standard test 
cylinders, fd 

M, any beading mement 

, idealized bending moment 
M,, bending moment for shear -compression mode 
My, bending moment at ullimate 

, bending moment at yield point 
n, E,/E,, modular ratio 


p'. Ag/od 

Pp, maximum transit preasure the beam van withstand 

r, equivalent atatic resistance required in a member 
to resist imposed transient load 

&, allowable bearing unit stress 

t, duration of triangula. torce pulse 

Ty, totai tensile for.s ty upper reinforcement 

T, total tensile torce in lower reinforcement 
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Tp, natural period of vibration : 
u, allowable bond strese per unit of surfuce area of bar 
v, allowable shearing unit stress ‘ 
Vp, shear governed by allowable bearing unit stress 
(Sp) 
Vt, shear governed by allowable shearing unil stress 
v) 
V,, shear governed by allowable bond stress (u) 
w, uniformly distributed load per unit of length of 
beam 
X, depth of neutral axis from edge of compression end 
4y, maximum deflection at end of beam at ultimate 
» Maximum deflection at end of beam at yiold 
€g, strain in concrete 
tay: strain in steel at dynamic yield point 
ultimate strain in concrete 
strain in tensile reinforcement 
€g, Strain in compression reinforcement 
sum of perimeters of bars 
curvature of beam at vield point, in region of con- 
Stunt moment 
cus vatus of bepm at maximum load-carsy ing 
capacity, in region of constant moment. 


fur 
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Appendix D 
WATER -WAVE DAMAGE 


D1 INTRODUCTION 


Water waves (produced by surface or subsurface 
bursts) striking shore installations may cause serious 
damage to the components of such installations. There 
are many vartables, the interrelationships involved 
in predicting damage from wave action are complex 
and not well understood at this time. The following 
discussion, in accordance with this project’s objec~ 
tives, is Intended to point out certain salient features 
concerning wave damage in this operation. A much 
more comprehensive study devoted to water-wave 
ter minal effects was made in Uperation Hardin Ly 
Project 50.1 (Reference 23) to provide more-adaquate 
denign data on wave run-up and overtopping of shore 
structures. 


D.2. BACKGROUND 


Shot Baker of Operation Crossroads caused waves 
which reached a maximum height of 7 feet on shore 
at a distance of about 3/4 miles from the target center. 
In the process of eroding the beach, the waves dis- 
Placed large slabs of beach rock several feet; thase 
slabs measured up to 3 by § by 1 foot in size, Refer- 
ence 24, 

Wave damage on shore had seldom been reported 
in detail; however, numerous phatographs and ohser- 
vations were made by Holmes and Narver during 
Operation Castle (1954) and Operation Redwing (19486). 
See Saction 1.2.1 concerning previous wave-damuge 
surveys. The following summaries set forth some of 
the major wave damage. 


D.2.1 Operation Castle. There were numerous 
instances of wave damage during Operation Casile, 
both at close~in stations and those at great distances. 
Shot geometries of Operation Castle are shown in Fig- 
ures 1.1 and 1.2 ior Bikini and Eniwetoh, Suopeor ta cciy. 
Table D.i summarizés ‘hit damage. [t should alse 
be noted that at many close-in stations the entrances, 
on the les side from the blast, were blocked by sand 
wad dearis left by thé Inundating wave.. 


D.2.2 Operation Redwing. In Operation Redwing 
there were fewur large surface shots on water and 
therefore much lesa wave damage than in Operation 
Castle. Shot geor:stries for Operation Redwing are 
shown in Figures '.3 and 1.4. Only one close~in sta- 
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tion was observed, Station 1320, Site Dog, previvusly 
used in Operation Castle ag Station 1220. In thie op- 
eration, the protective niound of sand was covered by 
a layer of auphaltic mixture a few inchea thick. Alr 
blast and waves from Shots Flatheac, "akota, and 
Navajo broke up the asphaltic layer but only about 2 
feet of cover was removed from the top of the station 
in the three events. 

Shot Navajo was a good wave producer. At Site 
Nan,15 miles away, there was no indication of any 
air-blast damage; however, the camp area was Inun- 
Jaice ‘aueing considerable damage Trame strictures 
on the lagoon (VUKW repair shop, rigging loft, H&N 
Marine Department headquarters) were demolished, 
POL tanks were undermined and slightly moved; a 
sma!! dynamite storage house waa displaced 75 feet; 
some of the large latrines were displaced 10 to 18 
feet; and there were numerous examples of lesser 
damage. 


D.3) THEORY 


Wave damage to shore installatfons according to 
Reference § may result from the following three 
effects; (1) tmpact and hydrostatic force; (2) drag 
force; and (3} inundation. [Impact from a front of 
advancing water or n breaking wave, {r oddisian en 
the hydrostatic pressure due to the depth of water, ts 
sufficient to damage most onshore structures with 
the excepticn of hardened structures such as those 
which are built at the proving ground. Drag forces 
may displace medium sized structures or move rel- 
atively iarge objects into collision with a structure, 
thus Causing damage. Tha third effect, inundation, 
is due to the long duration of blast-generated waves; 
the water may reach a considerable distance inland 
and large areas are covered with water for the period 
of time until the watec recedes. 

Generally speaking, it is net conomivally faasibie 
to build protective sea walls so high that they will 
never be avertopied by waves. Tha wave phenomena 
are complex; however, evnerience at the nroving 
ground has shown that adequate protection for teat 
structures and facilities can be provided (see D.Z.1 
and D.2.2). Approximate maximum wave heighta can 
be predicted from Reference 5. However, estimates 
based on Reference 8 are for constant depth of water, 
i.e., a bottom slope of zero. A more general treat- 
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TABLE D1 OBSERVATIONS OF WAVE DAMAGE, OPERATION CASTLE 


Description 


Cione-in Stations: 


Station 191: Reinforced-concrete 
zuge pler, 12 feat tong, 4 tcet 
wide, and 4 feet deep. 

Station 130.97; Retnforced-concrate 
gage nier, 4 by 4 by 4 feet. 

Stations 1403.07 to 1403.14: 
Rainforced-concrete datector 
stations approximately 7 feet long, 
5 leet wide, and 3 feet deep. 


Statlon 3.1: Reinforced-concrete 
submarine terminal pit (similar 
to Item 22, Chapter 4). 

Station 3.2: Reinforced-concrete 
submarine terminal pit (similar 
to Jtem 3%, Chapter 4). 

Station 3.3: Reinforced-concrete 
submaring terminal pit (similar 
to Item 28, Chapter 4). 

Statlon 134% Reinforced-concrete, 
thres-atory instrument shelter, 
above ground unmounded (similar 
to Item 1, Chapter 3). 

Station 102: Reinforced-con:rete 
inatrument shelter, mounded, 

Stations 1210, 121); Large 
reinforced-concrete diagn_stic 
atation, mounded with approxi- 
mate!y 10 feat of cover. 


Distant Sites: 


Station 70: Reinforced-cancrete 
timing station. 

Station 7400: Reinforced-concrete 
homing beacon shelter. 

Tare Complex: Sites Obce, Pater, 
Roger, Sugar, Tare. 


Tare Complex: Sites Oboe, Peter, 
Roger, Sugar, Tare. 


Construction. Camp: 


* Approximately. 


Charlie 


Tare 
Complex 


Tare 
Complex 


Nan. 


Union 
Yankes 


Union 


Yonkee 
Yankee 


Romeo 


Union 
Yankee 


Unton 


Vaton 
Yankee 


Ualon 
Dnion 


Union 


Yankes 
Yankee 


Romeo 


Union 


Yankee 


Yankee 
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Damage 


Plier exposed by e:osion of sand. 
Pier diapleced approximately 100 feet. 


ler exposed by erosion of sand, 

Pier dieplaced approximately 80C feet. 

All stations displaced considerable 
distances. 


Protective mound washed away and 
footings undermined; left structure 
tilted. 

Protective mound eroced completely. 

Completely deatr.-yad; no traces left. 


Protective mound severely eroded. 
Sand eroded from around foundation, 
very Httle undermining. 
Protective mound severely eroded. 
Mounding partially eroded leaving 


corners of the building exposed. 
Mounding completely eroded; water 


damage to equipment inside the atation; 


water atood 24 inches doap inside. 


Wator atood 2 inches deep inside the 
station. 

Major damage to scientific equipment 
by 4 feet of water inaide the station. 
An 11-foot wave washed over the com- 

plex Causing damage to causeways 
and protective berma; 500 feet of co- 
axial cable were exposed; one smal! 
Structure was undermined and 
knocked out of alignment. 

Causeways were seriously damaged; 
therd Wab BeVOrs éTosion around 
several atructures. 

Causeways washed out; onf emall un- 
mounded concrete block iNoUuse (5 by 
Vly 7 ft high) was displaces appa: xi- 
mately 400 feet. 
and caused damayeé to several of the 
light frame buildings. 

Camp was wrecked. 
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Range, feet 


16,430 
16,660 
16,4230 
16,500 * 
6,890 
7,100* 
7,470 
7.700% 
8,000 
8,280 
8,980 
9,600 * 
6,600° 


7,200 * 
7,400+ 


15,860 


16,920 
16,130 


15,680 
6,900 


6,900 


44,080 
63,800" 


80,000 


$9,000¢ 


59,200 * 


83 G06 + 


83,000* 


munt of wa.o-height prediction ig given in Reference 
23 where bottom slops, reefs, and shore lines at 
close-in ranges are all conridered. 


D.4 ‘AVE DAMAGE IN OPERATION HARDTACK 


Wave damuge in Operation Hardtack was not exten- 
sive. This was due to the relatively low yields of the 
shots and the care taken to prevent extensive damage 
from waves. The wave damage that occurred as re- 
ported in Cha vters 3 and 4 will only be summarized 
here. 

Close-in stations were affected as follows: 

1. Station Redwing 560.01, Site Abie (Item 2): a 
reinforced-concrete shelter surrounded by a circular, 
sandbaygged berm 9 feet high. The water wave (anc 
air blast) from Shot Fir passing over the island re- 
moved about 2 feet of earth from the berm. 

2. Station Redwing 1519, Site Able (item 4): a 
reinforced concrete photograpaic station approximate- 
ly 24 feet long, # teet wide, ana T feet high, woogcing 
an estimated 50 tons wus displaced approximately 11 
feet by Shot Fir. 

3. Station 78.01, Site Charlie (Mea os: a wvil- 
mounded timing station was undamaged but had its 
entrance blocked by sand and debris as @ result of 
Shot Fir. This effect tended to be repeated in later 
events. 

4. Station Complex, Site Irene {Item 18) and Sta~ 
tion 1525 (Item 19): there was some deep erosion 
around these stations but no structural damage re- 
sulted. 

5. Station 3.4, Site Irene (item 22): a submarine 
terminal pit had nearly all of its protective mound 
eroded. 

6. Station 1312, Site Janet (Item 25): a very large, 
unmounded, concrete structure was not damaged or 
under mined although some sand was eroded from 
around the foundation. 

7. Landing pier, Site Janet (i.em 30): several of 
its large 6-foot concrete cubes were Washed on shore 
by waves from Shots Walnut and Elder. The pre- 
Yellowwood condition of the pier is shown in Figure 
4.73; post-Walnut is shown in Figure 4.74; and the 
fina] state, post-Elder, is shown in Figure 4.75. 
This last figure also incicater the extent of inundation 
on Janet due to ssol bider. 

Diatant sites received yury ilttle wave actiou. 

This was mainly due to firing the larger-yield shots 
ai low tides and in shaJ!ow water. The only notable 
Wevr Gamage was ai Siie Elmer duc to Shot Oak. The 
‘main damage was to the personnel pitr und a pipeline 
discharging into the lagoon. One of the iater waves 
from Shot Oak ia shown striking the pier in Figure 
D.1. Damage could have been mush more extensive 
if protective berms had not been placed around shore- 
side installations 

The prote...on offered by a sandbag berm is itlas- 
trated in Figures D.2, 3, 4, and 5. The equipment 
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shown in these figurek wae a vital link in the clectrt- 
cal distribution system for Sites Elmer and Fred. 


D.S DISCUSSION 


Two facta observed in past operuiious ct the prov- 
ing grounds were once aguin damonatrated during 
Operation Hardtack; 

1. Generally, close-in structures which survived 
air-blast effects received no appreciable damag2 from 
water waves; however, srosion war sometimes axten- 
sive. 

2, Distant sites (several miles) suffered wave 
action trom the larger-yield devices 4 rangea where 
air-biast damage Was smal! or negligible. 

Close-in structures which are designed to survive 
high blast pressures are not susceptible to wave dam- 
age since cloae-in gir blast is much more severe than 
water-wave impact and drag forces. In designing for 
air blast, the prevention of Mooding o/ a station during 
invurtetion should be considered. The only close-in 


affect from waves on large structures aaems to be 
erosion and :his valy becomes a serious concern after 


several] events, particularly when there {s no oppertu- 
nity between shots ty replace protective cover. 

As distance from ground zero increases, the peak 
overprossure attenuates very rapidly. For pressures 
in the range of 1 to 1,000 psi, pressure is inversely 
proportional to the % power of range. 


10 we’) 
R b/3 


Pp 


Where: P = peak side-on preesure, psi 
W = yield, kilotons 
R = range, kilofe.t 


Water waves, however, scale in a different fashion. 
For a wave moving in open water, the crest height 
(height above tide stage) is invursely proportional to 
the range, For shallow water conditions, the relation- 
ship cf the vuriables can be expressed approximately 
by: 


w itt giz 
R 


crest height, feet 


Ho ~K 


Where: Hy, = 


K = a constant generaliv leas ian 1 


W = yield, kilotons 


d = dep'h at serface zoro, feet 


R = range, kilofeet 


The major characteristic of the blast-generatod 
water waves that reach intermediate range and dis- 
tant sites is their long period. The height of these 
waves is not large, in fact, storm waves are often 
higher. However, the tong perind of these waves 
causes water to continue to “pile up” at the shore 


SECRET 


Figure D.1 Wave action st the personnel pier from 
Shot Oak, Site Elmer. 


pond 


Figure D.2 Transformer station prior to wave arrival. 
Shot Osk, Site Elmer. 


Figure D.3 Transformer station, firat wave striking the 
lagoon shore. Shot Oak, Site Elmer. 


¥igure D.4 Transformer station, first wave moving onshore, 
the start of inundation. Shot Oak, Site Elmer. 
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line so that water runs inland to great distances. Pro- works ofier reasonably adequate protection againet 


tactive wo: is can dissipate much of the energy of the impact and drag effecta by dissipating wave energy. 
water on shore but flooding of large land sreas cannot The long pariod of blest-generuteu wavea makes pro- 
be prevented. tection from inundation very difficu!t. [nundation and 


Figure D.5 Transformer siation after wave action 
ceased and water subsided. Snot Oak, Site Elmer. 


D.6 CONCLUSIONS AND RECOMMENDATIONS Alooding 14% cannot be prevented may be provided for 
Structural effects due to water wars: + Se neg- iu design of factlities Ly waterproofing vital equipment 
° et ioe dgor: 2 3 o = 
lected for close-in structures designed to withstand mad by peaking core: sest ettly:: One stractiral fee 
air blast. ture that has shown its usefulness is the provision of 
At greater distances, where air blast is of no great proper drainage for a station, i.e., eliminating sunken: 
consequence, water waves must be considered in floors and silly that trap water, and having floors slope 
structural planning. The standerd shore-protection toward the entrance, so that any water that gets into 


the atatlon can be readily drained out. 
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Commander, Roma Air Development Center, ARDC, Griffies 
AYB, N.Y. ATE: Documenta Library, ACSEL-1 
Commander, Air Technica) Intelligence Center, USAF, 

Wright-Patterson aPB, Ohio. ATE: APCIN-hBla, Library 
Headquarters, lst Mtastle Div., BAF, Yundenberg AFB, 

Calif. ATT: Operations Analysia Cffice 
Acalutant Chief of Staff, Intelligence, 4. USAFE, APO 

435, New Yor’, N.Y. ATTN: Directorate of Air Targets 
Commander, Aiaskan Air Cosmand, AFG G42, Sesttle, 

Wasatogton, ATTR: AACTY 
Scmpander-ineChief, Pagific Air Foroaa, APO 953, San 

Francisco, Calif. ATTN: PFCIE-MB, Base Recovery 


OTHER DEPARIMENT OF LEFENAE ACTIVITIES 


Director of Defenes Reasearch and Engineering, Washingtor. 25, 
B.C, ATTH: Tech. Library 

Chairman, Arsed Gervices &xplosives Safety Board, DOD, 
Building 1-7, Gravelly Point, Washington 25, D.c. 

Director, Weapons dystems Evaluation Group, Room 1860, 
The Pentagon, Washington 25, D.C. 

Comeniant, The Induetrial. College of The Arwed Yorses, 
Pt, MoMeir, Washington 25, D.C. 

Commandant, Armed Forces Steff College, Norfolk 11, 
Ya, ATTH: Library 

Ghier, Defensa Atomic Support Agency, Washington 25, D.C, 
ATTH: Document Library 

Commander, Field Ocmmand, DASA, fandie Bese, Albuquerque, 


» Max, 

Commenter, Field Command, TAMA, Bandia Bass. A heacnequa 
a. Hex. ATH: Foro 

Commander, Field Command, DASA, Gandia Base, Albuquerque, 
A. Mex. ATTR: YOwr 

Commenter, JTF-7, Arlington Hall Station, Arlingtoc 12, Va. 

Adminiotrator, Mationsl Aeronautics and Space Adainis- 
tratton, 15320 “H" 5t., WLW., Weahington 25, D.C, ATT: 
we, BL ¥. Rhode 

Commanter-in-Chiet, Btrategis Air Comment, OFfutt AFB, 
Wed, ATT OA 

Comeaniant, 08 Coast Guard, 1300 B. at., W.W., Washington 
25, D.C. ATTB: Cdr. B. EB. Nolkhorst 

Commnder-in-Chief, EUCOM, APO 128, New York, My. 

Comander-in-Chist, Pastfic, o/o Flast Post Office 
Franciado, Calif. . 

U.8, Documents Offiocr, Orrice of the United States 
Matinnal Military Ropressntative - SAFE, APO 45, 
Rew York, MY, 


ATQULC ENEROT COMMISSION AC VIVITIES 


U.S, Atomig Rnergy ‘cmaiseion, Technical Libisry, Washing- 
ton 93, D.C. ATI: For ms 

Toe Alamo’. dclentif:c Laboratory, Meport iibrery, F.0, 
Boz 1663, loe Alamos, N, Bax. ATTN; Felon Rodman 

Gandia Corporation, Claseified Document Divieion, Gandia 
Base, Albuquerque, H, Mex. ATTW; H, J, Smyth, Jr. 

University of California Lavrence Radiation Leboratory, 
P.O, Box 606, Livermore, Calif, ATTE: Clovis Gg, Craig 

Weapon Imta Section, Office of Techical Information 
Extenaion, Oak Ridge, Tonn. 

Office of Technical Information Extension, Oak Ridge, 
Tene. (Surplus) 


SECRET 


FORMERLY RESTRICTED DATA 


Defense Special Weapons Agency 
6801 Telegraph Road 
Alexandria, Virginia 22310-3398 


TRC 27 August 1998 


MEMORANDUM TO DEFENSE TECHNICAL INFORMATION CENTER 
ATTN: OCOQ/Mr William Bush 


SUBJECT: CLASSIFICATION CHANGES 


The Defense Special Weapons Agency Security Office has reviewed and declassified the 
following documents and distribution statement A now applies: 


WT-1631, AD-355505 
WT-1619, AD-357951 


Also WT-1619-EX should be withdrawn from the system. 


Also WT-1637, AD-339275, has been downgraded to Confidential FRD. 


| no th Saiutt 


ARDITH JARRETT 
Chief, Technical Resource Center 


